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ABSTRACT

In attempting to characterize a community, it is necessary to measure
ecological attributes to quantitatively describe the unique aspects of that community
and to make comparisons. This thesis reports on a long-term investigation of the
community ecology of a turtle assemblage in the Tennessee River Gorge relative to
the following hypotheses: 1) ecologically generalized species will be the most
numerically abundant forms present in the TRG, 2) adult sex ratios of turtle
populations in the TRG will be biased in favor of males, and 3) mean adult body size
measurements and size dimorphism index (SDI) values of turtle populations in the
TRG will be consistent with those reported from other populations. To examine these
hypotheses, a balanced trapping regime was carried out during May through August,
from 2000 to 2006, in the Tennessee River Gorge. Trapping methods included baited
traps (hoop nets and fyke nets) and unbaited traps (fyke nets, basking traps, hand
capture, and trammel nets). The relative abundance of generalist turtle species was
consistently greater than that of more sensitive species during each study year and for
the entire study period. Habitat specialist were detected in relatively low numbers
and were absent during some years of the study. Accordingly, species diversity and
evenness measurements were low and reflected the numerical dominance of a few
species. Adult sex ratios for all turtle species in the TRG were biased in favor of
males, indicating differential survival rates for adult female turtles. Multiple limiting
factors may be responsible for this finding as the ecology of each species is unique.
Observed adult body measurements for TRG turtle populations were generally larger
xiii

than those reported from other studies within their respective ranges. One species in
particular, Sternotherus odoratus, was observed to display a carapace length that was
significantly greater than those reported from southern or northern climes. This
finding appears contrary to the theory that body sizes for turtles increase with latitude,
or Bergmann’s rule. The SDI values from the TRG turtles were not as substantial as
those reported from other localities, primarily due to the relatively greater body sizes
achieved by male turtles in the TRG. Generally, larger body sizes and observed
dimorphism index values for some species could be the end result of individual
processes acting simultaneously, such as: 1) variable maturation rates for the sexes,
2) genetic variability, and 3) a productive ecosystem.
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Chapter 1
General Introduction
Study nature, not books.
(Agassiz 19th Century)

INTRODUCTION
Typically, the southeastern United States is recognized for its mild climate,
ample precipitation, and an extensive network of freshwater habitats. The Tennessee
River Gorge (TRG), a river canyon that ranges 42 km through the lower Tennessee
River and Sequatchie River watersheds, incorporates these factors with a unique
physiography that distinguishes the TRG from the surrounding region. Tennessee
Valley Authority, through policy and action, has had more impact on the TRG than
any other entity (TVA [updated 2008]), and has managed the TRG since 1933 as part
of the TVA Act. Between 1940 and 1967, the TRG was enclosed via the
Chickamauga and Nickajack dams with the primary goals of providing flood control,
maintaining river navigability, and furnishing hydroelectricity. By 1981, the
Tennessee River Gorge Trust (TRGT), a conservation entity, began managing large
expanses of the TRG watershed. General floral surveys were completed to define
habitats by vegetation type (Bridges et al. 1984). Based on defined habitats and
visual surveys, a list of species that were “likely to be present” or “present” was
created. Within the list, 42 species of reptile were identified, 11 of which were
aquatic turtles. The following turtle species were predicted or observed to be present
within the TRG (Table 1.1): eastern snapping turtle (Chelydra serpentina
1

serpentina), stinkpot turtle (Sternotherus odoratus), stripe-necked musk turtle (S.
minor peltifer), eastern mud turtle (Kinosternon subrubrum subrubrum), midland
softshell turtle (Apalone mutica mutica), spiny softshell turtle (A. spinifera spinifera),
midland painted turtle (Chrysemys picta marginata), eastern river cooter (Pseudemys
conccina concinna), northern map turtle (Graptemys geographica), Ouachita map
turtle (G. ouachitensis ouachitensis), and the Cumberland slider (Trachemys scripta
troosti) (Bridges et al. 1984). Cumberland sliders were described as being rare in the
state of Tennessee and as a species that was “in need of management” with fewer
than 1000 individuals estimated to exist in the TRG (Bridges et al. 1984).
Alligator snapping turtles (Macrochelys temmenckii) and bog turtles
(Glyptemys muhlenbergii) were noted as being rare in the state of Tennessee and
absent in the TRG (Bridges et al. 1984, Herman and Warner 1986). Sparse records of
alligator snapping turtles exist from West Tennessee with a recent record from
Kentucky Lake (Koons and Scott 1993), and a single specimen was collected from
Wolftever Creek, Hamilton County, Tennessee by David Ekkins (pers. comm. 2003).
Midland softshell turtles and eastern mud turtles were identified as “likely to occur”
in the TRG (Bridges et al. 1984). However, the range of midland softshell turtles
occurs in western Tennessee and none have been collected from the eastern half of
the state (Ernst et al. 1994), making their presence in the TRG unlikely. The historic
distribution of eastern mud turtles includes the area occupied by the TRG (Conant
and Collins 1998, Ernst et al. 1994). Eastern mud turtles are highly terrestrial in habit
and avoid deep bodies of water (Mitchell 1994), but some are with marsh, bottomland
hardwood, and upland hardwood habitats (Bridges et al. 1984).
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Beyond associating the presence of turtle species with a defined habitat type,
Bridges et al. (1984) did not attempt to observe descriptive population characteristics
(e.g., adult sex ratio, adult size measurements, sexual size dimorphisms) of the TRG
turtle community. Understanding of adult sex ratio within a population can be of
particular importance. In comparing relative proportions of the sexes, it becomes
possible to observe population dynamics such as: 1) time spent searching out
receptive mates, 2) intrasexual competition, and 3) species fecundity (Gibbons 1990).
Unbalanced and balanced adult sex ratios have been reported for aquatic turtle
populations in other communities (Bury 1979). Mechanisms responsible for
unbalanced proportions could include natural processes, such as temperature
dependent sex determination (TSD; Bull and Vogt 1979) or early maturation of one
of the sexes (Gibbons 1990). Natural processes are sometimes secondary to
anthropogenic sources of stress that may cause unbalanced adult sex ratios. Human
activities may cause differential mortality as they interfere with movement patterns
(Aresco 2004) and reproductive cycles (Horne et al. 2003) in aquatic turtle
populations. A population may be affected by one or more of these processes, and
identifying the processes requires a baseline understanding of current adult sex ratios.
Variations in adult body sizes and sexual size dimorphisms (SSD) are
common across taxonomic groups. Mammals (Cheverud et al.1985, Ralls 1976),
birds (Price 1984, Rising 1987), fishes (Feduccia and Slaughter, 1974), amphibians
(Shine 1979), and reptiles (Gibbons and Lovich 1990) have all been reported to
display SSD. Turtles may display SSD in their physical morphologies or in their
behaviors (Gibbons and Lovich 1990; Vogt 1980a). Natural selection (Slatkin 1984),
3

including sexual selection (Berry and Shine 1980), processes have been cited as
explanations for SSD in turtles. The degree of interpopulational SSD in turtles varies
greatly by geography (Gibbons 1990). Consistency in observing and reporting on
SSD in turtles may be improved upon by acquiring larger sample sizes from multiple
locations and utilizing balanced collecting methods (Gibbons 1990).

HYPOTHESES TESTED
1. Ecologically generalized species will be the most numerically abundant
forms present in the TRG.
2. Adult sex ratios of turtle populations in the TRG will be biased in favor of
males.
3. Mean adult body size measurements and size dimorphism index (SDI)
values of turtle populations in the TRG will be consistent with those
reported from other populations.

STUDY ORGANISMS
Among the turtles observed in the TRG, five turtles were from the family
Emydidae were detected in the TRG study site: Trachemys scripta troosti,
Pseudemys concinna concinna, Chrysemys picta marginata, Graptemys ouachitensis
ouachitensis and G. geographica (Table 1.1). Visible field characteristics that are
common to Emydids include: 1) the presence of a large plastron, 2) a wide bridge that
connects the plastron and carapace, and 3) limbs adapted for swimming, with varying
degrees of toe webbing (Ernst et al. 1994). Trachemys scripta troosti and C. picta
4

marginata are generalist turtles that may exist under a wide variety of aquatic
conditions (Ernst, et al. 1994). Range maps indicate a relatively small geographic
scope for T. scripta troosti, as it occurs primarily in the state of Tennessee (Conant
and Collins 1998). This limited reach is only a fraction of the overall geographic
range for the species T. scripta, which includes up to 19 subspecies (Ernst et al.
1994). Only slight variations in exterior morphology differentiate T. scripta troosti
from other T. scripta forms, and their respective ecologies are described as being
equivalent (Ernst et al. 1994, Gibbons, 1990). Geographic range descriptions for C.
picta marginata include more northern latitudes and a short extension into the
Southeast (Conant and Collins, 1998, Ernst et al. 1994). Moderate currents are
preferred by the three riverine turtles, P. concinna, G. ouachitensis, and G.
geographica (Ernst et al. 1994). Of the aforementioned, P. concinna has a more
extensive southeastern range and will take advantage of variable deep water habitats,
including: ponds, lakes, ditches, and floodplain pools (Ernst et al. 1994). Map turtle
species, like G. geographica and G. ouachitensis, prefer habitat with basking sites
surrounded with deep water (Pluto and Bellis 1986, Vogt 1980a, Shively and Jackson
1985).
A nominate example, Chelydra serpentina serpentina, from the family
Chelydridae was observed to occur in the TRG (Table 1.1). Identifying visible field
characteristics for Chelydridae include: 1) the presence of a large, rough, carapace
with pronounced posterior serrations, 2) the presence of 11 marginal scutes on each
side of the carapace, 3) a carapace that is connected to a small, hingeless plastron by a
reduced bridge, 4) limbs that are stout, webbed, and possess great claws, and 5) a tail
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with saw-like jagged projections that may be as long or longer than the carapace.
Chelydra serpentina serpentina is opportunistic and occurs in almost every kind of
aquatic condition and ranges throughout the southeastern United States (Ernst et al.
1994).
Kinosternids within the TRG include S. odoratus and S. minor peltifer (Table
1.1). Diagnostic characteristics for Kinosternids include: 1) the presence of 11 scutes
on a single- or double-hinged plastron and 2) musk glands, located near the bridge,
which may exude a malodorous discharge when the turtle is disturbed (Ernst et al.
1994). Sternotherus odoratus ranges throughout the Southeast and may be found in
any aquatic situations with soft bottoms and slow current; however, S. minor peltifer
is restricted to southeastern states (Table 1.1) and is described as preferring streams
and rivers (Ernst et al. 1994).
A lone softshell turtle, A. spinifera spinifera, from the family Trionychidae
was observed to occur in the TRG (Table 1.1). Identifying field characteristics that
are common to Trionychids include: 1) the presence of a rounded, flattened, carapace
covered with leathery skin, 2) a long, retractile neck, 3) limbs that are paddle-like
with three claws visible on each, and 4) a long proboscis for a snout (Ernst et al.
1994). Apalone spinifera spinifera prefers rivers, but will frequent habitats with soft
bottoms, vegetation, sandbars, mudflats, and cobble (Ernst et al. 1994).
STUDY SITE
The study area in the TRG includes two distinct aquatic habitats: the Pot
Point site, and the Bennett Lake site. The Pot Point site (N38.84.00, 6.45.00E to
N38.79.00, 6.43.00E) is a fast flowing section of river that includes the stretch of
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river adjacent to Pot Point and downstream to the Raccoon Mountain Pump Storage
Facility (Figure 1.2). It is relatively clear of debris in the middle of the channel, with
snags and rocky outcroppings adjacent to the shoreline. The channel widens at points
to include sloughs, coves, and marshes, but the character of the shoreline is variable,
differing by vegetation type, soil media, and depth. Sandy beaches dominate the
northern bank with red clay soils and rock media being more prevalent on the
southern aspect. Aquatic and emergent vegetation is mostly absent on the shoreline,
due to an immediate drop to a deep channel. South of the Raccoon Mountain Pump
Storage Facility, the river begins to significantly widen as it flows into Mullens Cove.
From Mullens Cove, the character of the waterway further transitions into a lentic
situation as the channel widens and becomes the area called Bennett Lake.
Bennett Lake (N38.83.00, 6.36.00E to N38.79.00, 6.33.00E) is a contrasting
habitat when compared to the relatively fast flowing channel of Pot Point. The “lake”
is a back water area that resulted after lowland was flooded during impoundment.
The associated watershed is under various stages of anthropogenic influences and
ecological succession. The two islands in my study area, Pryor Island and Oates
Island, lie between Bennett Lake and the main river channel (Figure 1.2). Water flow
within the lake is slower than that of the main river channel; and the water column
nearer the islands is shallow (≤ 2m) and supports a diverse community of aquatic
vegetation. During the height of summer, vegetation can choke portions of the lake
(Figure 1.3); however, during draw-down periods submerged stumps and tree trunks,
remnants from a once dense forest, become more abundant in close proximity to
Oates and Pryor Islands.
7

Table1.1. Common names, species names, carapace lengths, habitat preferences and southeastern distributions of riverine turtle species from the
TRG (Crother 2000, Ernst et al. 1994, Mitchell 1994).
_____________________________________________________________________________________________________
Standardized
♂
♀
General
Distribution in
common
Species
Carapace
Carapace
habitat
southeastern
name
name
length (mm)
length (mm)
preference
United States
______________________________________________________________________________________________________________
Cumberland Slider

Trachemys scripta troosti
(Holbrook, 1836)

200

280

slow moving water, muddy
bottoms, abundant vegetation

Virginia, Kentucky, Tennessee and Alabama

Eastern River
Cooter

Pseudemys concinna concinna
(Le Conte, 1830)

252.3

290.2

deep pools, ponds, rivers,
lakes, and oxbows

Maryland, Virginia, West Virginia, Kentucky,
Tennessee, North Carolina, South Carolina,
Georgia, Alabama, and Mississippi

Midland painted
Turtle

Chrysemys picta marginata
(Agassiz, 1857)

120

140

shallow, slow moving water,
soft bottoms, abundant
vegetation

Maryland, West Virginia, Kentucky
and Tennessee

Northern Map
Turtle

Graptemys geographica
geographica
(Le Sueur, 1817)

96.9

206.9

rivers, lakes, and creeks,
ample basking sites

Maryland, Virginia, West Virginia, Kentucky,
Tennessee, Georgia, Alabama, and Mississippi

Ouachita Map
Turtle

Graptemys ouachitensis
ouachitensis
(Cagle, 1953)

140

240

swift currents, sand/silt
mediums, submerged
vegetation, basking sites

Kentucky, Tennessee, Alabama, and Mississippi

Northern Snapping
Turtle

Chelydra serpentina
serpentina
(Linnaeus, 1758)

271.9

247.8

shallow water, soft bottoms,
submerged vegetation

Maryland, Virginia, West Virginia, Kentucky,
Tennessee, North Carolina, South Carolina,
Georgia, Alabama, Mississippi, and Florida

Stinkpot Turtle

Sternotherus odoratus
(Latreille 1801)

89.7

87.3

slow current, soft bottoms

Maryland, Virginia, West Virginia, Kentucky,
Tennessee, North Carolina, South Carolina,
Georgia, Alabama, Mississippi, and Florida

Stripe-necked Musk Sternotherus minor
Turtle
peltifer
(Agassiz, 1857)

88.1

100.1

rivers, streams, soft bottoms

Virginia, Kentucky, Tennessee, Georgia,
Alabama, Mississippi, and Florida

Eastern Spiny
Softshell Turtle

216

457

rivers, stream, swift current,
sandy, soft substrate

West Virginia, Kentucky, Tennessee, Alabama,
and Mississippi

Apalone spinifera spinifera
(LeSueur, 1827)
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T. s. troosti

G. o. ouachitensis

S. o. odoratus

C. p. marginata

P. c. concinna

G. geographica

C. s. serpentina

S. m. peltifer

Figure 1.1. Images of observed turtle species in the TRG.

A. s. spinifera

S. m. peltifer
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Figure 1.2. Map of study site with Pot Point right [upper] and Bennett Lake left [lower] boundaries (Google Earth [updated 2008]).
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Figure 1.3. Vegetation choked shallows of Pryor Island, primarily consisting of Hydrilla
verticillata and filamentous algae (Lyngbya, Oedogonium, and Spirogyra; TVA 1996).
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Chapter 2
Relative Abundance and Species Richness of Aquatic Turtle Species in the TRG

“To keep every cog and wheel is the first precaution of intelligent thinking.”
(Leopold 1948)

ABSTRACT
A study was carried out from 2000 to 2006 to determine the community
structure of a riverine turtle population in the Tennessee River Gorge (TRG), a 42
kilometer stretch of the Tennessee River. A total of 3,197 turtles was captured, with a
total of 136 recaptures for all species. Trachemys scripta was the most abundant
Emydid and species (69.4%) collected. Other Emydids including: Pseudemys
concinna (10.2%), Graptemys ouachitensis (2.9%), Chrysemys picta (1.0%), and G.
geographica (0.7%), were observed less often. Kinosternid species, Sternotherus
odoratus (11.8%) and S. minor peltifer (0.2%), were detected. Representatives of the
families Chelydridae and Trionychidae were observed by one species each, with
Chelydra serpentina (3.8%) and Apalone spinifera (0.1%) being collected,
respectively. Trachemys scripta troosti, was historically described as being “in need
of management,” but was the most abundant turtle (N = 2218) during this study. The
Shannon-Weiner Index ( N 1 = 2.91) and Smith and Wilson’s E ( E var = 0.158) values
indicate that community heterogeneity and evenness was lacking in the TRG turtle
community, due to numerical dominance of T. scripta troosti.
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INTRODUCTION
Long-term turtle community studies from Tennessee southeastern U.S. region
are lacking with notable exceptions from the Savannah River Ecology Laboratory
(Gibbons 1990) and the Tennessee Aquarium (Collins et al. 1997). Without the
benefit of previous research efforts, local standards for comparative analysis are
nonexistent. Resident turtle species richness and abundance may be qualitatively
appreciated when compared to that of the southeast region as a whole. The
southeastern United States may be generally defined as including states south of the
Mason-Dixon line and east of the Mississippi River, from northern border of
Maryland and southeast through Delaware, West Virginia, Kentucky, Virginia,
Tennessee, North Carolina, Mississippi, Alabama, Georgia, South Carolina, and
Florida (Figure 2.1).
In the southeastern U.S., there are 29 species of freshwater turtles,
representing four families (Conant and Collins 1998, Ernst et al. 1994). The eastern
box turtle, Terrapene carolina, occurs in the southeast but is semi-terrestrial in habit
(Dodd 2001). The diamondback terrapin (Malaclemys terrapin) is a coastal species
associated with estuary and salt marsh habitat (Ernst et al. 1994). Alabama has the
greatest number of freshwater aquatic turtle species (21), due mostly to the presence
of endemic Graptemys spp. (Figure 2.1). Contiguous states that follow Alabama in
turtle species diversity are Mississippi (20 species), Florida (19 species), and Georgia
(16 species) respectively (Figure 2.1). Tennessee is home to 13 species of freshwater
turtles from four families, giving it greater species richness than South Carolina,
Kentucky, Virginia, West Virginia, and Maryland (Figure 2.1; Conant and Collins
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1998, Ernst et al. 1994, Redmond et al. 2002). Within the Tennessee River Gorge, of
Marion and Hamilton counties, Tennessee, nine species from four families have been
documented (this study 2008).
Species richness and abundance in a community may be influenced by a
number of biotic and abiotic factors. Increased spatial area, and consequent greater
environmental diversity, has been correlated to greater species diversity (MacArthur
and Wilson 1967). Increased population densities of lizards (Schoener 1981,
Schoener and Schoener 1980) and birds (Schoener 1968) have been positively
correlated with increased access to high quality habitat where food resources were
more abundant. Schall and Pianka (1977) linked greater reptile densities, particularly
those of lizards and snakes, with higher temperatures and drier conditions.
Conversely, Owen and Dixon (1989) and Iverson (1992) assert that turtle species
richness is positively correlated with the annual rainfall that a community receives,
with increasing precipitation forming areas of aquatic habitat to be utilized by more
species. DonnerWright et al. (1999) found that the physical attributes of a river
channel affected turtle abundance. Specifically, river systems with diverse habitats
provide the requirements of a variety of turtle species, with certain species being
abundant where specific habitat parameters are present. Some human activities,
including boat recreation in rivers and lakes, can result in sustained adult turtle
mortality, shifting turtle community abundance (Smith et al. 2006). Modification and
development of river channels and associated wetlands can negatively affect turtle
species richness and abundance, eliminating intolerant species (Rizkalla and Swihart
2006, Vandewalle and Christiansen 1996).
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Methods and Materials
Trapping has become an accepted method of sampling aquatic turtle
communities to determine population size and abundance estimates. Popular methods
of trapping included baited-net traps (Anderson et al. 2002, Cagle and Chaney 1950,
Ernst 1986, Smith et al. 2006), basking traps (Mitchell 1988, Tran et al 2007, Vogt
1980b), fyke-traps (Bodie et al. 2000, Vogt 1980b, Dreslik 2005), trammel-nets (Moll
1990, Vogt 1980b), and dip netting/hand capture (Congdon and Gibbons 1996,
Mahmoud 1969, Morreale et al. 1984). Cagle and Chaney (1950) indicated that
limitations to trap sampling may include selectivity for certain size groups and catch
variance relative to selected bait, trap assembly, water temperature, and depth of
water column. There is evidence that trapped individuals may bias further potential
catches (Cagle and Chaney 1950, Ream and Ream 1966, Frazer et al. 1990) and that
certain groups may be more likely to escape traps (Frazer et al. 1990). To reduce
bias, a combination of trap styles should be employed (Ream and Ream 1966). Cagle
and Chaney (1950) stated that trapping provides the best basis for estimating relative
abundance of aquatic turtles.
Sampling regimes consisted of setting between two and 30 traps from four
differing trap styles: 1) hoop nets, 2) fyke nets, 3) baited fyke nets, and 4) basking
traps. Periods of sampling occurred during March through December, from 2000 to
2006, but primarily from June to July. Trap locations were chosen per spotting scope
surveys and were proximate to centers of activity (tree snags, emergent logs, etc.).
Traps were operational for a minimum of 24 hours to a maximum of 96 hours,
depending upon study site conditions (e.g., weather conditions, excessive water draw
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downs). Nylon style hoop nets (Moll and Legler 1971) were the basic tools used to
capture turtles. Trap arrays varied from single traps to tandem traps connected by
30.5m leads. Single traps consisted of a single hoop net with a mouth diameter of 1.0
or 2.2 m. The bait choice for single traps was sardines packed in soybean oil and
canned sweet corn (Ernst 1965, Moll and Legler 1971). Alternative baits were used
intermittently; including chicken-based dog food with corn additive. Larger 1.22-mdiameter hoop nets were outfitted with a 30.48-m lead connection between the
mouths on each of two hoops. These unbaited traps, known as fyke assemblies, were
placed in deeper water, near identified basking sites and functioned as interruption
traps (Vogt 1980b). Single, rectangular 0.91 by 1.52m basking traps were placed
near active basking sites and anchored to the bottom (Gibbons 1990, Moll and Legler
1971). In addition to traps, turtles were collected incidentally by hand, dip nets, and
trammel netting. Turtle processing occurred at the time of capture and animals were
released following data collection. Trap sites were numbered and identified with
GPS coordinates and the relative spatial location was recorded. Appropriate
biophysical measurements were recorded and included vegetation type, daily air
temperature, water temperature, and medium consistency.
Upon capture, all turtles were identified by species per Powell et al. (1998)
and Ernst et al. (1994). Subjects were placed in a net bag and weighed with Pesola®
scales to the nearest gram (g). Other morphometric data were recorded to the nearest
0.1mm using Vernier® calipers. Straight-line measurements for the carapace, plastron,
and RASL (right abdominal scute lengths) were recorded. When possible,
individuals were aged via growth annuli present on plastral scutes (Sexton 1959, Zug
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1991). The subjects were marked on marginal scutes with a file or utility saw blade
(Cagle, 1939). Study animals were collected and processed pursuant to permits from
the TWRA (1534/ 3082) and UTC IACUC (1205TPW01/ 0506TPW02).
Species richness and relative abundance (RA) were calculated per individual
species for each year and for the period of the study (2000-2006). Species-abundance
curves were plotted utilizing the log-relative abundance (y) versus arithmetic species
ranks (x), known as Whittaker plots (Krebs 1999). The Shannon-Weiner index was
used to measure the heterogeneity of the turtle community and, as expressed in
another form, to indicate the number of equally common species (Krebs 1999). The
Shannon-Weiner function is the most appropriate index to use due to its recognition
of proportional abundances of each species in the sample (Routledge 1979). Smith
and Wilson’s Index of Evenness was used to estimate equitability in the sample
(Krebs 1999). Indices were performed on individual field seasons and for the
duration of the study. Recaptures occurring in the same field season were not
included in order to reduce bias related to trap fidelity as some individual specimens
display a predilection for baited traps.
Results and Discussion
There was a total of 3,197 uniquely marked turtles captured 3,332 times from
field seasons 2000 to 2006. The captures represented nine turtle species from four
families. The five most commonly captured species-T. scripta troosti, S. odoratus, P.
concinna, C. serpentina, and G. ouachitensis- constituted > 98.0 % of total turtles
captured, and were encountered during every individual year of study. Chrysemys
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picta marginata, G. geographica, S. minor peltifer and A. spinifera spinifera were
infrequently encountered and constituted 2.0% of total turtles captured.
Observed species richness in the TRG varied from six species in 2003 to nine
species in 2006, with an average detection of about seven species per study year
(Table 2.2; Figure 2.2). The Shannon-Weiner diversity index values varied from H’ =
1.296 (2001 and 2004) to H’ = 1.782 (2006), with a mean value of H’ =1.532.
Shannon-Weiner function values ( N 1 ) differed between study years and ranged from
N 1 = 2.46 (2001) to N1 = 2.94 (2005) equally common species (Table 2.2). Smith and
Wilson’s index of evenness measurements varied from

E

var

E

var

= 0.149 (2004) to

= 0.284 (2000), with a value of 1.0 being a state of equilibrium (Table 2.2). The

species richness value within the TRG (9.0 species) is greater than reported mean
species richness from turtle communities in west Tennessee (5; Collins et al., 1997),
southern Illinois (3.8), Ohio-Wabash (5.7), Missouri (6.0), Illinois (6.2), and
Mississippi (7.4) regions (cited in Dreslik and Phillips 2005). Only certain sites along
the Mississippi River reported slightly greater species richness (10.0 species; Dreslik
and Phillips 2005). Even though nine species were detected in the TRG, diversity and
equitability values were low due to the numerical domination of T. scripta troosti.
Similar phenomena were reported by Dreslik and Phillips (2005) concerning
midwestern aquatic turtle communities where T. scripta dominated in abundance at
half of the communities that were reported on, often being > 60.0% in RA. In the 19
sampled turtle communities, increased RA of T. scripta correlated negatively with
species diversity (Dreslik and Phillips 2005). It is plausible that T. scripta, because of
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its opportunistic nature, may compete with other species for niche resources. This
niche displacement may limit the success of other turtle species (Cagle 1942, Cagle
and Chaney 1950, Moll and Legler, 1971); however, direct competition between T.
scripta and any other turtle species has not been reported. In the aforementioned
studies, the RA values of A. spinifera, G. geographica, and G. ouachitensis were
positively associated with diverse, rich, and equitable turtle communities (Dreslik and
Phillips 2005). Dreslik and Phillips (2005) assert that RA values for A. spinifera, G.
geographica, and G. ouachitensis, given their association with diverse and equitable
habitats, might be positive indicators of habitat quality.
Trachemys scripta troosti was the most common species captured for the
duration of the study effort (n=2218, RA=69.4%; Table 2.1; Figure 2.2). It is often
numerically dominant in turtle communities where it occurs and exhibits plasticity in
habitat requirements, as it will colonize seemingly unsuitable habitats and is resilient
to abrupt changes in the immediate environment. Cagle and Chaney (1950) found T.
scripta present in roadside ditches absent of vegetation. Gibbons (1990) found that T.
scripta would inhabit streams and rivers, but would also reside in radioactively
polluted basins, temporary bays, and salt marshes. Midwestern populations of T.
scripta constituted 66.7% to 87% of their respective turtle communities (Cagle 1942,
Dreslik et al. 2005). Stone et al. (2005) found that T. scripta made up 80% of the
turtle community in central Oklahoma stock ponds. Reports on southern aquatic
turtle communities indicate similar results as T. scripta populations in Louisiana
(73.6%, Cagle 1950) and west Tennessee (37%, Collins et al. 1997; 69.4%, this
study) communities were numerically dominant relative to other present species.
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Trachemys scripta troosti, the form that is present in the TRG, historically occurs in
the upper Cumberland and Tennessee rivers, from southeastern Virginia to
northeastern Alabama (Ernst et al. 1994). The TRG was believed to support a
relatively small population of T. scripta troosti that was identified as being “in need
of management” (Bridges et al. 1984). The designation of “in need of management”
demonstrated the importance of “investigating this species in order to develop
information relating to populations, distribution, habitat needs, limiting factors, and
other biological and ecological data to determine management measures necessary for
their continued ability to sustain themselves successfully” (Tennessee Nongame and
Endangered or Threatened Wildlife Species Act 1974). Fewer than 1000 individuals
were believed to comprise the TRG population, existing in sloughs and coves
connected to the river channel (Bridges et al. 1984). The overall number of captures
and the lack of recapture success indicate that T. scripta troosti is a numerous species
in the TRG.
The RA for Sternotherus odoratus varied from 1.9% to 16.1% during the field
seasons, and averaged 11.8% for the study (Table 2.1; Figure 2.2). Sternotherus
odoratus varies in abundance across its geographic range. In two Illinois populations,
S. odoratus made up 48% (Cagle 1942) and 4.1% (Dreslik 1997) of their respective
turtle communities. Wade and Gifford (1964) found that S. odoratus made up 34% of
an Indiana turtle community. Louisiana (5.7%; Cagle 1950) and Tennessee (21%,
Collins et al. 1997; 11.8%, this study) populations of S. odoratus also displayed
variability in their abundance within their respective communities. Urban areas can
be satisfactory to S. odoratus as Conner et al. (2005) found the turtle comprised
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34.0% and 21.0% in a canal and a reservoir respectively. Sternotherus odoratus
occurs in a variety of aquatic environments from southern Canada to the mid-west
and eastern United States (Ernst et al. 1994). It frequents freshwater habitats with a
slow velocity and soft medium, but may be found sporadically in any stream (Ernst et
al. 1994). In Oklahoma populations, Mahmoud (1969) associated S. odoratus with
lotic waters containing sand and gravel mediums. In contrast, Pennsylvania
populations favored lentic waters with soft bottoms (Ernst 1986). Historically, the
range of S. odoratus includes the TRG (Conant and Collins 1998), but no estimates of
population size or abundance were reported in previous inventories (Bridges et al.
1984). Males may have activity centers in shallow water that limit their spatial
movement (Mahmoud 1969, Ernst 1986). This finite movement, in relationship to
trap placement, may have affected abundance estimates. Sternotherus odoratus was
captured in the littoral zones of the Tennessee River channel, river islands and in
proximity to sloughs, coves, and other backwaters. These areas were consistent in
that they provided quiet, shallow water (<2m) and soft substrate.
Chelydra serpentina was present for every year of the study, with a RA of
3.8% in the TRG community (Table 2.1; Figure 2.2). Reported community estimates
for C. serpentina abundance are 12.8% (Illinois; Dreslik 2005), 20.0% (Wisconsin
and Minnesota; Donnerwright et al. 1999) and 18.5% (Oklahoma; Stone et al. 2005).
This species is ubiquitous in North American freshwater habitats, occurring from
southern Canada to Texas and east to the Atlantic coast (Conant and Collins 1998).
Preferring shallow, vegetated, soft-bottomed habitats with slow velocities, C.
serpentina may also be found on the margins of lakes, rivers, and sloughs (Ernst et al.
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1994; Anderson et al. 2002). It is tolerant of physical habitat disturbance and
variations in water conditions. Dunson (1986) reported that C. serpentina entered
brackish water and Minton (1972) found it in sewage polluted ditches. Habitat
fragmentation due to agriculture (Rizkalla and Swihart 2006) and urban development
(Conner et al. 2005) affect C. serpentina less than other intolerant species. This turtle
species has been actively trapped for local consumption and for distant food markets
(TWRA Officer Mike Bailey, Pers. comm. 2007). This harvest may have negatively
impacted relative abundance estimates. Abundance estimates may be further affected
by intraspecific aggression and spatial limits of male home range movements
(Galbraith et al. 1987, Hurlburt et al., 1999). Trap placement in an area with limited
C. serpentina movement may have negatively affected results for this study.
Pseudemys concinna was ranked third in RA with a proportion of 10.2% for
the study period (Figure 2.2). The capture total was 327 individuals and recaptures
totaled 6 (Table 2.1). Using similar trapping methods, Dreslik (2005) reported that P.
concinna represented 14.9% of the turtles sampled in a southern Illinois lake. Based
upon spotting scope surveys, Lindeman (1997) determined the relative abundance of
P. concinna in the Tennessee River (2.6%), Pearl River (8.4%), and Pascagoula River
(20.6%) relative to other Emydids. In Oklahoma farm ponds, Stone et al. (2005)
found this species to range from 0.0% to 5.0% RA in sampled turtle communities.
Collins et al. (1997) reported P. concinna constituted 0.6% of the Reelfoot lake turtle
community in west Tennessee. Bridges et al. (1984) reported the presence of P.
concinna in the TRG, but gave no indication of TRG population estimates or relative
abundance. Relative abundance estimates for our study are within the parameters
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reported from other populations. In the TRG, P. concinna was captured on the river
channel margins and in coves. Although considered a riverine turtle, P. concinna but
may be associated with lakes, ponds, or other deep pools (Ernst et al. 1994).
Buhlman and Vaughan (1991) identified optimal P. concinna habitat as river flows
having a slow velocity, shallow water, ample backwaters, sandbars, multiple basking
sites and available macrophytes (Elodea, Vallisneria, and Potomogeton) for foraging.
Marginal habitat, with fewer of these characteristics, was linked with fewer P.
concinna (Buhlmann and Vaughan 1991).
Graptemys ouachitensis in the TRG had a cumulative study period RA of
2.9% and varied from 0.003% to 9.8% (Table 2.1; Figure 2.2). It was captured 92
times with one recapture and was encountered every year of the study (Table 2.1;
Figure 2.2). A G. ouachitensis population in the Midwest (Dreslik 2005) had a RA of
3.2%, while a southwestern (Webb 1961) population comprised 15.0% of a turtle
community. Graptemys ouachitensis prefers rivers, but may utilize other deep water
habitats (Ernst and Barbour 1989). Shively and Jackson (1985) found stream width
and basking sites to be the most important limiting factors for Graptemys
ouachitensis sabinensis density and distribution. G. ouachitensis in the TRG was
captured along the river channel margins, in sloughs, in coves, and oxbows.
Chrysemys picta marginata had a collective RA of 1.0% for the TRG study
duration and a RA that varied from 0.0% to 2.1% (Table 2.1; Figure 2.2). Reported
abundance estimates across the range of C. picta appear to be variable, with
midwestern populations ranging from 62.2% (Michigan; Congdon and Gibbons 1996)
and 59.0% (Indiana; Wade et al. 1964) to 0.4% (Illinois; Dreslik 2005). A west
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Tennessee turtle community was numerically dominated by C. picta (39.3%; Collins
et al. 1997). Chrysemys picta prefer lentic water conditions with muck substrates,
numerous basking sites, and abundant vegetation (DonnerWright et al. 1999, Ernst et
al. 1994, Minton 1972) and favor a marsh habitat (Tran et al. 2007). In a riverine
environment, C. picta favor sloughs and backwater areas instead of the deeper,
swifter channels (Anderson et al. 2002, Ernst et al. 1994). Rizkalla and Swihart
(2006) found this species to be tolerant of habitat fragmentation, while Smith et al.
(2006) found that increased shoreline development and water craft traffic may result
in population declines. Abundance estimates for the TRG population of C. picta
marginata appear to be lower than that of other studies. A lesser relative abundance
could be due to the absence of needed habitat requirements, as sloughs and coves
were uncommon on the river channel margins. When the water draw-downs occur in
Nickajack Reservoir, many of these areas become dry or nearly so. The rarity of C.
picta may stem from the abundance of T. scripta troosti within the TRG community.
In southern areas where C. picta and T. scripta coexist, T. scripta dominates
numerically, whereas C. picta assumes relative numerical prominence in northern
localities (Dreslik 2005, Dreslik and Phillips 2004). This relationship may be due to
competitive niche displacement based on geography (Cagle 1950). Anthropogenic
pressures on C. picta may be negatively impacting the population in the TRG. Much
of the TRG shoreline is under some form of development and the waterway is
crowded with recreational and commercial traffic. Smith et al. (2006) cite propeller
driven watercraft and shoreline development as contributing factors to a decline in C.
picta within a turtle assemblage.
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Graptemys geographica had a RA of 0.67% for the study period and a RA
that ranged from 0.0% to 2.5% (Table 2.1; Figure 2.2). Graptemys geographica was
captured a total of 21 times with one recapture for the period of study. Dreslik (2005)
found G. geographica only once (representing 0.1%) during the study at Round Pond,
southern Illinois. Conner et al (2005) reported G. geographica RA ranged from
39.7% (canal) to 4.6% (urban lake) in an urban Indiana turtle community. Graptemys
geographica spend most of their time in deep water with a slow velocity and basking
sites (Gordon and MacCulloch 1980, Pluto and Bellis 1986, Tran et al. 2007). Low
detection rate of G. geographica in the TRG (Table 2.1; Figure 2.2) may be due to
cyclic fluctuations in water depth in Nickajack Reservoir. Graptemys geographica
are sensitive to river channel disturbance (Vandewalle and Christiansen 1996). Water
levels within Nickajack Reservoir may vary by ~ 1 meter within a 24-hour cycle.
Basking sites along the river channel margins are left above the waterline and become
functionally unavailable for the thermoregulatory needs of the turtles. Speciesspecific trap bias may have influenced the abundance estimate for G. geographica.
While some studies have captured G. geographica using baited-hoop nets (Conner et
al. 2005), other studies found that this species responds to fyke-nets (Vogt 1980a) or
basking traps (Gordon and MacCulloch 1980). While fyke-nets and basking traps
were included in our trap arrays, they were part of a balanced trap-style effort.
Sternotherus minor peltifer was rarely encountered (N=6) during the study
and has a combined study period RA of 0.28% (Table 2.1; Figure 2.2). It will occupy
a diverse assortment of aquatic habitats, but prefers rivers, streams and associated
habitat (Ernst et al. 1994, Mount 1975). The abundance of S. minor peltifer appears
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to be lacking in Nickajack reservoir as the historic range of the species includes the
eastern half of Tennessee, including Nickajack Reservoir (Conant and Collins 1998,
Iverson 1977). Habitat requirements and behavior are generally similar to S. odoratus
(Ernst et al. 1994), and S. minor peltifer have been taken in baited hoop nets (Tinkle
1958). However, Tinkle (1958) reports that S. minor peltifer can be difficult to trap,
even when the turtles are observed to be present, making abundance estimates
difficult.
Apalone spinifera was detected only three times during the study (2000-2006)
(Table 2.1; Figure 2.2). It is a highly aquatic turtle that will occupy rivers, lakes, and
associated ponds (Ernst et al. 1994, Minton 1972, Williams and Christiansen 1981).
Ideal habitat is associated with sandy or soft substrate with partially submerged snags
(Mitchell 1994, Williams and Christiansen 1981). The state of Tennessee is included
in the historic range of A. spinifera (Conant and Collins 1998) and Bridges et al.
(1984) report the presence of the species. Identified habitat parameters would
indicate Nickajack Reservoir as an ideal area to observe A. spinifera, yet the species
was the most elusive species trapped or visually observed. Water quality issues may
be a contributing factor to the rarity of this turtle in the study area. In 2004, the
Tennessee River was identified by American Rivers as the 4th most endangered river
in the United States (Cate 2004). The designation was due to the amount of sewage
discharge and spillage, from primarily upstream metropolitan areas, into the
Tennessee River. Moss (2005) found significantly high levels of POPs (persistent
organic pollutants) in T. scripta and S. odoratus present in the TRG. These
compounds, which originate from organochlorine pesticides and industrial products,
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have been identified as causing deleterious effects to the endocrine systems of aquatic
turtle species (Bergeron et al. 1994). The skin of A. spinifera is three or four times
more permeable to water than T. scripta and it is able to perform oxygen exchange
across skin membranes, making it potentially more sensitive to poor water quality
(Ernst et al. 1994, Mitchell 1994).
Implications for Conservation
Historical accounts describe the TRG section of the Tennessee River as fast
flowing with sections of whitewater and exposed rocks. Areas of the river are still
identified by descriptive names like “The Boiling Pot”, “The Skillet”, and “The
Suck”, in reference to the once turbulent water conditions. The Tennessee River was
prone to flooding, due to the narrow channel of the TRG, and would inundate
Chattanooga, Tennessee with rising water. These conditions persisted until
Chickamauga Dam (1940) and Nickajack dam (1967) were constructed to control
flooding and to make the TRG passable to commercial boat traffic. The construction
of the new dams generally deepened and widened the river. There is no record of
turtle diversity for the TRG prior to the construction of Chickamauga and Nickajack
dams. Based upon known habitat parameters for indigenous aquatic turtle species,
the TRG turtle community was likely different from what was observed during this
study due to these biophysical changes.
Turtle species richness has been positively correlated with increased
precipitation (Iverson 1992, Owen and Dixon 1989). Increased rainfall amounts often
result in a greater variety of aquatic habitats, primarily from water pooling and flood
events (Iverson 1992). These forms of natural habitat disturbance increase aquatic
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habitat availability, encouraging greater diversity in aquatic turtle communities
(Iverson 1992). Flood events in the TRG waterway have been kept to a minimum by
Nickajack Dam, reducing natural expansion of the river margins. Water releases, due
primarily to flood control, increased power demands and game fish management, may
lower the water column by at least one meter over a few hours. As a result, these
draw downs temporarily reduce or eliminate small sloughs and coves. Species, like
C. picta and S. odoratus, which utilize these shallow habitats, may not persist. Tree
snags, which are the primary basking resources for G. geographica and G.
ouachitensis, have been left exposed by reduced water levels during reservoir draw
downs. Shively and Jackson (1985) reported the presence of basking sites as an
important factor limiting the density of G. ouachitensis. Most aquatic turtles require
a nesting area that is in full sunlight and in relative proximity to the water (Ernst et al.
1994). The reduction of the number of preferred basking areas may force some
turtles to choose basking sites that expose them to greater predator pressures or cause
them to abandon the area. Vandewalle and Christiansen (1996) identified water
fluctuations in a river column as causing decreases in turtle species richness, with
intolerant species such as G. geographica, G. pseudogeographica, and A. mutica
being greatly affected.
Shoreline development and recreational use of the waterway may negatively
impact the TRG turtle assemblage. Substantial sections of TRG shoreline habitat are
in various stages of residential development, complete with boat docks and river
access. During the study, we encountered many live turtles with carapace trauma
which appeared to have resulted from a boat propeller strike. Turtle mortality was
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also observed to occur from similar injuries. Smith et al. (2006) observed that C.
picta in an Indiana community were more susceptible to propeller related mortality
than other species in the same assemblage. An increase in shoreline development
only exacerbated the differential mortality of C. picta, as increased access to the lake
precipitated more boat traffic. The increased exposure to boat propeller strikes, due
to increased boat traffic, shifted the community dynamic with reduced abundance of
C. picta over a 20-year period.
In addition to mortality incurred in the water column, aquatic turtles may be at
risk when they move on to terrestrial habitat to nest or migrate. Access to terrestrial
habitat is discouraged in the TRG as waterfront residential property is impounded
with concrete, boulders, or rip-rap to minimize erosion. Most of the private and TVA
properties are mowed to the waters edge, leaving no buffer area for turtles to safely
access without being exposed to predation or heavy mowing equipment.
Undeveloped areas of the TRG are not actively managed and are in various stages of
succession, mostly shading out any potential nesting sites. Horne et al. (2003)
suggested that some Graptemys species may utilize shady substandard nesting habitat
if prohibited from preferred areas. Lack of proximate nesting sites may force female
turtles to travel greater distances, across nearby roads and highways, to meet nesting
habitat parameters. Terrestrial movements of female turtles near roads and highways
can result in significant road mortality and subsequent sex ratio disparity within the
population (Aresco 2005, Gibbs and Shriver 2002, Haxton 2000).
Riverine turtle populations in the TRG may potentially be affected by
subsistence harvesting of turtles as a food source. Subsistence harvesting of turtle
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species for local consumption has occurred in the southeastern region of the United
States for over a century (Carr 1952). Carr (1952) identified thirteen aquatic turtle
species that were consumed on a subsistence and commercial basis in the temperate
portion of the United States, including Tennessee. Seven of those species are present
in the TRG, including: C. serpentina, G. geographica, G. ouachitensis, C. picta, T.
scripta, P. concinna, and A. spinifera. At present, C. serpentina is the only legally
commercially harvested species in Tennessee waterways and adults (from ~ 305 mm
minimum CL) may be collected without a limit (Tennessee Commercial Fishing
Regulation Summary [updated 2008). A Tennessee commercial turtle collecting
permit is free as a supplemental license addendum to an existing commercial license.
Other aquatic turtle species are not commercially harvested (Tennessee Commercial
Fishing Regulation Summary [updated 2008]). In the TRG, TWRA Officer Mike
Bailey reports that two commercial fishing operations harvest C. serpentina on a
regular basis (pers. comm. 2006). Public fishing licenses allow a maximum take of
five adult C. serpentina per day using legal fishing methods (Tennessee Fishing
Regulations [updated 2008]). Communication with local fishermen suggests that
harvest of other species, like A. spinifera, has historically occurred. Further, some
commercial fishermen indicated they had pressed local regulatory authorities for
permission to harvest “slider” turtles. These turtles were not intended for local
consumption, but rather for shipping to Asian markets. Due to similar morphological
features, the definition of a “slider” turtle for local harvesters may include any or all
of the Emydid turtles present in the TRG, including: T. scripta, P. concinna, G.
geographica, G. ouachitensis, and C. picta. At present, legal harvest of any Emydid
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turtle in the TRG is prohibited (Tennessee Commercial Fishing Regulation Summary
2007 [updated 2008]).
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Table 2.1. Number (N) captured, percent (%), and rank of each turtle species encountered during individual sampling years and for the duration of
sampling (2000-2006). ** indicates no capture data for that species. Species include T. scripta (T.s.), S. odoratus (S.o.), G. ouachitensis (G.o.), C.
serpentina (C.s.), P. concinna (P.c.), G. geographica (G.g.), S. minor peltifer (S.m.), C. picta (C.p.), and A. spinifera (A.s.).
______________________________________________________________________________________________
2000

T.s.

S. o.

G. o.

C. s.

P. c.

G. g.

S. m.

C. p.

A. s.

Total N

N

251

57

16

14

11

9

3

2

0

363

%

0.6915

0.1570

0.04408

0.0386

0.0303

0.0248

0.0083

0.0055

0

Rank

1

2

3

4

5

6

7

8

**

_______________________________________________________________________________________________
2001

T. s.

P. c.

S. o.

C. s.

G. o.

C. p.

G. g.

S. m.

A. s.

Total N

N

617

70

61

31

18

10

3

0

0

810

%

0.7617

0.0864

0.0753

0.0383

0.0222

0.0123

0.0037

0

0

Rank

1

2

3

4

5

6

7

**

**

_______________________________________________________________________________________________
2002

T. s.

S. o.

G. o.

P.c.

C .s.

C .p.

G. g.

S. m.

A. s.

Total N

N

253

51

11

10

8

7

1

0

0

341

%

0.7419

0.1496

0.0323

0.0293

0.0235

0.0205

0.0029

**

**

Rank

1

2

3

4

5

6

7

**

**

_______________________________________________________________________________________________
2003

T. s.

P.c.

G. o.

S.o.

C .s.

G.g.

C. p.

S. m..

A. s.

Total N

N

150

33

21

4

3

3

0

0

0

214

%

0.7009

0.1542

0.0981

0.0187

0.0140

0.0140

0

0

0

Rank

1

2

3

4

5

6

**

**

**

_______________________________________________________________________________________________
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Table 2.1 continued.
__________________________________________________________________________________________________________________________________
2004

T. s.

S. o.

P.c.

C.s.

A. s.

G. g.

G. o.

C. p.

S. m.

Total N

N

235

58

19

14

1

1

1

0

0

329

%

0.7142

0.1763

0.0577

0.0426

0.0030

0.0030

0.0030

0

0

Rank

1

2

3

4

5

6

7

**

**

______________________________________________________________________________________________
2005

T. s.

S. o.

P.c.

C .s.

C. p.

G. o.

S. m.

A. s.

G. g.

Total N

N

383

95

72

27

6

5

2

0

0

590

%

0.6491

0.1610

0.1220

0.0458

0.0102

0.0084

0.0034

0

0

Rank

1

2

3

4

5

6

7

**

**

_______________________________________________________________________________________________
2006

T. s.

P. c.

S. o.

C. s.

G. o.

C. p.

G. g.

A. s.

S. m.

Total N

N

329

112

51

24

19

7

5

2

1

550

%

0.5982

0.2036

0.0927

0.0436

0.0345

0.0127

0.0091

0.0036

0.0018

Rank

1

2

3

4

5

6

7

8

9

_______________________________________________________________________________________________
2000-2006

T. s.

S. o.

P. c.

C .s.

G. o.

C. p.

G. g.

S. m.

A. s.

Total N

N

2218

377

327

121

92

32

21

6

3

3197

%

0.6939

0.1180

0.1023

0.0379

0.0285

0.0100

0.0066

0.0019

0.0009

Rank

1

2

3

4

5

6

7

8

9

______________________________________________________________________________________________
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Table 2.2. Species richness, total number of each species, Shannon-Weiner diversity value, Shannon-Weiner number of equally common species,
and Smith and Wilson’s Index of Equitability value for the TRG turtle assemblage for individual study seasons and the study duration (20002006).
__________________________________________________________________________________________________________________________________
Study
Number
Number
Shannon Weiner
Shannon Weiner number of
Smith and Wilson’s E
year
of spp.
of turtles
function (H’)
equally common species
Index of Evenness
__________________________________________________________________________________________________________________________________

2000

8

363

1.551

2.93

0.284

2001

7

810

1.296

2.46

0.248

2002

7

341

1.305

2.47

0.237

2003

6

214

1.384

2.61

0.280

2004

7

329

1.296

2.46

0.149

2005

7

590

1.556

2.94

0.202

2006

9

550

1.782

3.44

0.195

2000-2006
9
3197
1.532
2.89
0.158
_________________________________________________________________________________________________________________________________
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10

9
12

12
11
13
10
20

21

16

19

Figure 2.1. Southeastern states labeled with the number of endemic freshwater turtle
species present (Conant and Collins 1998).
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Proportion and Rank of Turtle Species: 2000

Proportion and Rank of Turtle Species: 2001

log10(Species Proportions 2000) = - 0.2247 - 0.2611 Rank 2000

log10(Species Proportions 2001) = 0.0566 - 0.3781 Rank 2001

0.9

0.9

0.6
0.5
0.4
0.3

S.o.

0.2

G.o.

0.1

C.s.

P.c.

G.g. S.m.

1

2

3

4
5
Rank 2000

6

7

0.5
0.4
0.3
0.2

P.c.

1

8

S.o.

C.s.

G.o.

4
Rank 2001

5

C.p.

S.m.

2

3

6

7

Proportion and Rank of Turtle Species: 2002

Proportion and Rank of Turtle Species: 2003

log10(Species Proportions 2002) = - 0.1299 - 0.3186 Rank 2002

log10(Species Proportions 2003) = - 0.0005 - 0.3370 Rank 2003

0.9

0.9

T.s.

0.8
Species Proportions 2003

0.8
Species Proportions 2002

0.6

0.0
0

0.7
0.6
0.5
0.4
0.3

S.o.

0.2

G.o.

0.1

C.s.

P.c.

C.p.

T.s.

0.7
0.6
0.5
0.4
0.3

P.c.

0.2
0.1

G.g.

0.0

G.o
.

S.o.

C.s
.

G.g.

3

4

5

6

0.0
1

2

3

4
Rank 2002

5

6

1

7

2

Rank 2003

Proportion and Rank of Turtle Species: 2004

Proportion and Rank of Turtle Species: 2005

log10(Species Proportions 2004) = 0.4928 - 0.5811 Rank 2004

log10(Species Proportions 2005) = 0.1027 - 0.3745 Rank 2005

0.9

0.9

0.8

0.8

T.s.

0.7
0.6
0.5
0.4
0.3

S.o.

A.s.
G.g.
G.o.

0.2

C.s.

P.c.

0.1

Species Proportions 2005

Species Proportions 2004

0.7

0.1

C.p.

0.0

T.s.

0.7
0.6
0.5
0.4
0.3

S.o.
P.c.

0.2

C.s.

0.1

C.p.

G.o.

S.m.

5

6

7

0.0

0.0
1

2

3
Rank 2004

4

5

1

2

3

4
Rank 2005

Proportion and Rank of Turtle Species: 2006

Proportion and Rank of Turtle Species: 2000-2006

log10(Species Proportions 2006) = - 0.0781 - 0.2932 Rank 2006

log10(Species Proportions 2000-2006) = - 0.0053 - 0.3317 Rank 2000-2006
0.9

0.8
0.7

T.s.

0.6
0.5
0.4
0.3

P.c.

0.2

S.o.

0.1

C.s.

G.o.

C.p. G.g.

A.s. S.m.

0.0

Species Proportions 2000-2006

0.9

Species Proportions 2006

T.s.

0.8

T.s.

0.7

Species Proportions 2001

Species Proportions 2000

0.8

0.8

T.s.

0.7
0.6
0.5
0.4
0.3
0.2

S.o.

0.1

P.c.

C.s.

G.o. C.p.

G.g. S.m.

A.s.

0.0
0

1

2

3

4
5
Rank 2006

6

7

8

9

0

1

2

3

4
5
6
Rank 2000-2006

7

8

9

Figure 2.2. Ranked abundances (log10) of turtle species for each study year and the study
duration, 2000-2006. Turtles represented on the graphs include: T. scripta (T.s.), S. odoratus
(S.o.), P. concinna (P.c.), C. serpentina (C.s.), G. ouachitensis (G.o.), C. picta (C.p.), G.
geographica (G.g.), S. minor (S.m.), and A. spinifera (A.s.).
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Chapter 3

“The invalid assumption that correlation implies cause is probably among the two or
three most serious and common errors of human reasoning.”
(Stephen Jay Gould 1981)

Sex Ratios and Size Dimorphisms in the TRG turtle community
ABSTRACT
An assemblage of riverine turtles in the Tennessee River Gorge was sampled
from 2000 to 2006 to ascertain aspects of their community ecology and
morphological variation within specific populations. Significant disparities in adult
sex ratios were observed within the populations of Trachemys scripta troosti
(2.7♂:1♀), Sternotherus odoratus (1.7♂:1♀), and Chelydra serpentina (4.2♂:1♀), as
they were in favor of males. Populations of Pseudemys concinna (1.2♂:1♀),
Chrysemys picta (1.3♂:1♀), and Graptemys ouachitensis (1.3♂:1♀) did not differ
significantly from equality (1♂:1♀). Sexual size dimorphisms were observed among
the five emydid species that were collected, with mature females attaining
significantly larger body sizes in all body size measurements relative to males.
Mature male C. serpentina were significantly larger in only two body measurements:
carapace length and plastron length. Significant sexual size dimorphism among the
kinosternids (S. odoratus) was observed only in regards to head width, as the sexes
were similar in body size proportions. Generally, the sampled turtles of the TRG
averaged larger in body sizes than those that have been reported from other
populations in the United States. Male S. odoratus in the TRG averaged significantly
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larger in carapace length (106.91±9.42 mm) than any other population reported upon.
The largest male and female individuals S. odoratus in the TRG achieved 131 mm CL
and 133 mm CL respectively, approaching the size record of this species (137mm CL;
Conant and Collins 1998).
INTRODUCTION
Adult sex ratios in a turtle population may influence ecological processes of
a community. Mechanisms such as intrasexual competition, fecundity, and time spent
seeking receptive mates may be affected by the relative proportion of sexes (Gibbons
1990). Natural adult sex ratios are determined by three measurements: ratio at time
of birth, difference in maturation rate of males and females, and differential mortality
(Wilson 1975). Natural populations generally trend toward a sex ratio of 1:1 (Fisher
1930), and observed divergences from equality are noteworthy. Bury (1979) reported
that balanced sex proportions in natural turtle populations are the standard, but
unbalanced proportions do occur. Male biased proportions (Buhlmann and Vaughan
1991, Ernst 1986, Vogt 1980a), female biased proportions (Cagle 1942, Dodd 1989,
Risely 1933), and equal proportions (Cagle 1950, Dreslik 1997, Mitchell 1988) have
been documented for multiple species. Influence of ambient temperature on sex
determination of Emydid turtles may explain some of the disparity (Bull 1980, Bull
and Vogt 1979, Bull et al. 1982). Differential mortality due to activity and movement
patterns may also affect population sex ratios (Aresco 2004). Studies reporting
unequal sex ratios may have used methodologies that were biased toward certain
groups (Frazer et al. 1990, Gibbons 1970, Gibbons, 1990, Ream and Ream 1966).
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Sexual dimorphisms, or differences between the sexes of the same species,
may occur in a variety of forms that include physical as well as behavioral aspects
(Wilson 1975). Body size, degree of melanism, and partitioning of food resources are
documented examples of sexual dimorphisms occurring in turtles (Gibbons and
Lovich 1990, Vogt 1980a). The variation in body sizes between the sexes, or sexual
size dimorphism (SSD), is readily apparent upon inspection of many mature turtle
species. Various turtle taxa are recognized as displaying SSD, with mature females
attaining larger sizes than mature males (Berry and Shine 1980). Other turtle families
may display larger mature males or no significant SSD at all between the sexes.
Possible causes for SSD include aspects of natural selection (Slatkin 1984) and sexual
selection (Berry and Shine 1980, Gibbons and Lovich 1990). Gibbons and Lovich
(1990) assert that the cause of SSD is the size that a turtle reaches as it attains sexual
maturity. The smaller sex reaches maturity at a smaller size and over a shorter period
of time than the larger sex (Gibbons and Lovich 1990). Observed SSD may be
affected by habitat productivity (Ernst et al. 1994, Gibbons and Lovich 1990), locality
(Gibbons et al. 1981), and sampling bias (Frazer et al. 1990, Ream and Ream 1966).
The purpose of this study is to gather descriptive ecology data that will provide a
baseline of understanding for the TRG turtle community. These population and
community data will serve as a reference to the TRG and as a point of comparison to
other aquatic turtle communities.
MATERIALS AND METHODS
Turtles were collected during sampling periods lasting from March through
December, 2000 to 2006. Trapping was the preferred method of turtle capture and
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remains the best sampling mechanism available to evaluate aquatic turtle populations
(Cagle and Chaney 1950). Biased results may result from trapping methods that
sample certain portions of the turtle community, but exclude others (Ream and Ream
1966). Ream and Ream (1966) suggested using varying trapping methods to reduce
bias in regards to sex ratio, size classes, and species. Trapping arrays in the TRG
ranged from two to twelve assemblies from four different trapping techniques: 1)
baited hoop nets, 2) fyke nets, 3) baited fyke nets, and 4) basking traps. In addition to
these assemblies, capture efforts were supplemented with hand captures, dip nets, and
trammel nets. Traps were active for a minimum of 24 hours to a maximum of 94
hours, as site conditions permitted. Bait consisted of sardines packed in soybean oil
and canned sweet corn (Ernst 1965, Moll and Legler 1971). Other baits were
periodically used; such as canned dog food with corn additive, watermelon, and
cantaloupe.
Upon capture, turtles were identified by species and sexed using visible
secondary sex characteristics (Ernst et al., 1994, Powell et al. 1998). Ascertaining
maturity for individuals was necessary in determining adult sex ratios and body sizes
by which to characterize the TRG turtle assemblage. Gibbons (1990) stated that
“functional sex ratios,” or ratios that were composed of only sexually fit adults, were
the only true measure by which to describe a sex ratio in a population of turtles.
Sexual maturity for TRG individuals was established using species-specific criteria
based upon a combination of variables including: body size, visible secondary sex
characteristics, and detection of calcified eggs in females.
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Trachemys scripta: Mature male T. scripta display elongated foreclaws, a
long, thick tail, and an anal opening that is posterior to the carapace margin (Ernst et
al. 1994, Mitchell 1994). Adult males tend toward extreme melanism, becoming
grayer with age (Ernst et al. 1994). Mature female T. scripta possess shorter fore
claws, relatively domed carapaces, and a short tail (Mitchell 1994). Mature females
are larger than adult males, exhibiting a marked sexual dimorphism (Mitchell 1994).
Cagle (1950) found that male T. scripta attained maturity at 90-100 mm plastron
length in Tennessee, Louisiana, and Illinois. Females became sexually mature at
plastron lengths of 150-195 mm (Cagle 1950). Gibbons (1990) found a great deal of
intraspecific variation in attainment of sexual maturity in South Carolina populations
of T. scripta, as males achieved maturity (90-120 mm PL) at about the same plastron
length in multiple locations. Females, however, matured at larger body sizes (160.0210.0 mm PL) in the same proximate locations (Gibbons 1990).
Trachemys scripta from the TRG were considered mature males if they
attained a plastron length of 95mm and displayed male secondary sex characteristics.
Turtles that were below 95mm and displayed male characters were identified as
subadult males. Turtles that achieved 95mm plastron length and displayed no male
characteristics were identified as subadult females. Trachemys scripta from the TRG
were considered mature females upon attainment of a plastron length of 149.0mm or
greater and displaying no male characteristics. The plastron length minimum
indicates the size at which shelled eggs were detected, via field palpation. Turtles
that were less than 95mm plastron length and did not display male sex characteristics
were identified as immature.
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Pseudemys concinna: Mature male P. concinna have elongated foreclaws and
long, robust tails with a cloacal opening located behind the carapacial rim (Ernst et al.
1994). Adult female P. concinna are generally larger than males and possess a more
comparatively domed carapace than males (Buhlmann and Vaughan 1991, Ernst et al.
1994). Further, females have a shorter tail with the cloacal opening preceding the
posterior carapace margin (Ernst et al. 1994). Dreslik (1997) reported that adult
males in Illinois ranged from 154mm-196mm plastron length and females from
219mm-292mm plastron length. Mitchell (1994) reported that Virginia P. concinna
achieved 190mm-256mm and 248mm-297mm plastron length for males and females
respectively. The smallest mature female P. concinna suwanniensis recorded from
Florida by Jackson (1970) was 140cm carapace length and the smallest male was
146cm carapace length.
Tennessee River Gorge female P. concinna were regarded as mature upon
reaching a carapace length of 259mm and plastron length of 235mm, which were the
measurements at which gravid females were detected via palpation. Conservative
carapace/ plastron length estimates, relative to Illinois (Dreslik 1997), Virginia
(Mitchell 1994), and Florida (Jackson 1970) adult males, of 168 mm plastron length/
190 mm carapace length were used to estimate the maturity of adult males in the TRG
population. All turtles which reached these parameters and displayed male
characteristics were considered adult males. Any turtles, including those that
displayed male characteristics, that did not attain shell length limits were regarded as
immature.
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Graptemys ouachitensis: Mature male G. ouachitensis have elongated
foreclaws, thick tails, and an anal vent positioned at the posterior of the carapacial rim
(Ernst et al. 1994). Female G. ouachitensis lack the foreclaws, thick tail, and are
roughly double the size of the mature males (Gibbons and Lovich 1990). In
Wisconsin, Vogt (1980a) found the smallest sexually mature male at 74.8mm
carapace length and females ranged from 163-242mm carapace length (Vogt, 1980a).
Tennessee River Gorge G. ouachitensis were regarded as mature females
when they achieved 169.0mm carapace length and displayed no male characteristics.
Males were considered to be mature males if they displayed male characteristics and
reached at least 102.0mm carapace length. Turtles above the 102.0mm carapace
length and displaying no male characteristics were regarded as subadult females.
Any turtle that measured below 102.0mm carapace length were considered immature.
Graptemys geographica: Mature male G. geographica have long, thick tails
with a cloacal opening posterior to the carapace margin (Ernst et al. 1994, Mitchell
1990). Adult females are twice as large as males, lack a long tail, and have a cloacal
opening just anterior to the carapacial rim (Ernst et al. 1994, Mitchell 1990). There is
a pronounced sexual dimorphism relative to body size for G. geographica, with adult
females attaining approximately twice the body size of males (Ernst et al. 1994,
Mitchell 1990;). Gordon and MacCulloch (1980) found that males in Canada
matured at about 70mm in plastron length and females at about 170-180mm in
plastron length. Adult females in Indiana averaged 168.7mm carapace length and
males at 102.7mm carapace length (Conner et al. 2005). In Virginia, the smallest
mature male was 67mm plastron length and female was 186mm plastron length
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(Mitchell 1990). In Wisconsin, males were 93-136mm carapace length and females
were 201-258mm carapace length (Vogt 1980a).
Based upon size measurements from previous studies, the TRG G.
geographica were considered mature males if they displayed male characteristics and
reached 96.0mm carapace length. Turtles were considered adult females if they
reached 230.0mm carapace length and did not display male characteristics. Turtles
that did not achieve 96.0mm carapace length, regardless of visible male characters,
were regarded as immature.
Chrysemys picta: Adult male C. picta possess elongated foreclaws, a robust
tail, and a cloacal opening located posterior to the carapacial border (Ernst et al. 1994,
Mitchell 1990). Mature females lack the thick tail and elongated claws (Ernst et al.
1994). Adult females are generally larger in body size than males and have a cloacal
opening that precedes the carapacial border (Ernst et al. 1994). Males generally
mature from 70-95mm plastron length and females from 97-128mm plastron length
(Ernst et al. 1994, Mitchell 1988).
Tennessee River Gorge C. picta were considered to be mature males if they
displayed secondary male characteristics and reached a plastron length of 100.0 mm.
Turtles were regarded as mature females if they reached 117.0mm plastron length and
did not display male characteristics. All C. picta sampled in the TRG met the
parameters necessary to be regarded as mature. No subadult or juvenile individuals
of C. picta were sampled as of the 2006 field season.
Sternotherus odoratus: Adult male S. odoratus exhibits a thick tail, with a
terminate spine, which extends posterior to the carapacial edge (Ernst et al. 1994,
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Mitchell 1990). Additionally, males have two minute patches of extended scales
behind the knee of each hind leg (Ernst et al. 1994). Mature females lack the large
tail and have a vent opening that precedes the carapacial rim (Ernst et al. 1994;
Mitchell 1990). Males generally attain sexual maturity at smaller sizes (51-65mm
carapace length; Mahmoud 1967, Mitchell 1988, Mitchell 1994) than do females (6582mm carapace length; Mahmoud 1969, McPherson and Marion 1981, Mitchell
1994) over much of its range.
All S. odoratus, from both sexes, sampled in the TRG ranged between 82.0131mm in carapace length. These size parameters would indicate that all S. odoratus
collected from the TRG, whether they are male or female, are mature individuals.
Mature males were identified per male secondary sex characteristics. Females were
regarded as those turtles that did not exhibit male characteristics.
Sternotherus minor: Mature male S. minor possesses a terminal spine on a
long, thick tail with the cloacal opening positioned posterior to the carapacial edge
(Ernst et al. 1994). Males also have patches of raised scales behind the knees of each
hind leg (Mitchell 1994). Adult females lack the elongated, thick tail and have a
cloacal opening occurring before the carapacial rim (Mitchell 1994). Males achieve
maturity at relatively smaller sizes (55-60mm carapace length; Cox et al. 1991,
Etchberger and Stovall 1990) than do females (70-85mm carapace length; Cox et al.
1991, Etchberger and Ehrhart 1987).
The sample of S. minor in the TRG ranged from 92.0-109.0mm carapace
length, indicating that maturity had been attained by all of the individuals that were
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collected. Males were recognized by the exhibiting of secondary male characteristics.
Individuals that did not display male characteristics were regarded as females.
Chelydra serpentina: Adult male C. serpentina generally grow larger in body
size than mature females and have a cloacal opening that is positioned posterior to the
carapace border (Ernst et al. 1994; Gibbons and Lovich 1990). Mature females have
a comparatively short pre-cloacal area and the cloaca precedes the rim of the carapace
(Ernst et al. 1994, Mitchell 1994) In Quebec, Canada, and Southeast Virginia, male
turtles were identified as mature at 210.0mm and 150mm carapace length respectively
(Glesenkamp et al. 2003, Mosimann and Bider 1960). White and Murphy (1973)
found that Tennessee C. serpentina of both sexes matured at 145mm carapace length.
The entire C. serpentina sample in the TRG measured from 208.0-435.0mm
carapace length, denoting a representative adult population sample. Males were
defined by the position of the cloaca opening posterior to the carapacial border.
When possible, potential males were palpated through the cloacal opening to detect
the presence of a penis-like structure (Hammer 1968).
Apalone spinifera: Adult male A. spinifera display a long, thick tail with the
cloacal opening positioned near the tip (Ernst et al. 1994, Mitchell, 1994). Mature
females are roughly 1.6 times larger than males, with a shorter tails and the anal
opening preceding the carapace border (Ernst et al. 1994; Mitchell 1994). Mature
males achieve 90-100mm carapace length and females reach 180-200mm carapace
length (Webb 1956 and 1962).
The A. spinifera sampled in the TRG ranged from 297.0mm-395.0mm
carapace length, indicating adult individuals. Based on the extreme sexual size
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dimorphism and the absence of male characteristics, only females were identified in
the TRG sample.
Sex ratio proportion data was arcsin square-root transformed as necessary to
conform to the assumptions of parametric statistical analysis. All data was tested for
normality per the Ryan-Joiner correlation normality test and significance was set a
priori at α = 0.05 for statistical analysis (Gardner and Gettinby 1998, Minitab 2007).
Chi-square analysis was used to ascertain a divergence from 1:1 during each of the
study years, with Ho = equal sex ratio proportions and HA = unequal sex ratio
proportions in the sample. To determine if sex ratios were biased over the study
period (2000-2006), the distribution of sex ratios was compared to a theoretical 1:1
sex ratio using a one-sample t-test (Zar 1999). The proportion of males in the sample
was used as the dependent variable to ease statistical analysis. The hypotheses were
as follows: The HO = the male proportion does not differ significantly from 0.5; and
HA = a male proportion differs significantly from 0.5 (Sokal and Rohlf 1995, Zar
1999).
Mass was obtained using Pesola® scales to the nearest gram (g). Straight-line
measurements for carapace length (CL), carapace width (CW), plastron length (PL),
shell height (SH), right abdominal scute length (RASL), and head width (HW) were
recorded using Vernier® calipers to the nearest 0.1mm (Table 3.1). Body size
measurements, observed secondary sex characteristics, and detection of shelled eggs
were used to estimate the maturity of the sexes. Body size measurements were tested
for normality using the Ryan-Joiner normality test and tested for equal variances
using Bartlett’s test (Zar 1999, Minitab 2007). Most measurements, with the
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exceptions of CL measurements from male and female S. odoratus, did not meet the
assumptions of normality and disparities in SSD measurements between the sexes of
each species were compared using the Mann-Whitney statistic (Zar 1999). The
hypotheses were as follows: HO = body measurements for males and females in this
population were not significantly different; HA = measurements for males and females
in this population were significantly different.
Tests for normal distribution and equal variances were met for S. odoratus
male and female CL measurements and HW measurements (Zar 1999, Minitab 2007).
Male and Female S. odoratus CL and HW measurements were compared using a twosample t test (Zar 1999). The CL measurements of the TRG S. odoratus males and
females were also compared, via a two-sample t test, with those reported from other
populations. These comparisons were limited to the reports that included sample size,
mean, and standard deviation data. The hypotheses were as follows: HO = CL
measurements for TRG S. odoratus males/ females were not significantly different
from CL measurements reported from other populations; HA= CL measurements for
TRG S. odoratus males/ females are significantly different from CL measurements
reported from other populations.
Aquatic emydid females are markedly larger than their male counterparts in
most species (Ernst et al. 1994). The larger, domed carapace of female emydids is
attributed the need for greater fecundity, as larger females can carry increased
numbers of eggs (Berry and Shine 1980). Both sexes demonstrate high mobility
while swimming and females may be courted by several males before choosing a
mate (Ernst et al. 1994). Aquatic male emydids, which favor increased mobility for
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finding and courting females, reach maturity while at relatively small body sizes
(Berry and Shine 1980). Trionychids exhibit similar dimorphisms and interaction
behaviors to that of emydids, with larger females being aggressive to smaller,
unwanted attentive males (Berry and Shine 1980). Chelydrids and kinosternids tend
to display a size dimorphism in favor of males (Ernst et al. 1994). Both families may
be described as “bottom walkers” as they are not efficient swimmers and spend a
great deal of time buried in or walking about on the water bottom (Berry and Shine
1980). Interactions between males and females are aggressive, with males attempting
to subdue non-receptive females for forced insemination (Berry and Shine 1980,
Ernst et al. 1994). Increased male size would be favorable with more successful
copulations occurring for larger males (Berry and Shine 1980, Edmonds and Brooks
1996). To measure the degree of SSD present in each of the species, a size
dimorphism index (SDI) (Lovich and Gibbons 1992) was utilized to detect a possible
disparity in the population mean of a particular size measurement. We defined the
female values as positive (+1) and the male values as negative (-1) to ease
comparisons with other populations.
Results and Discussion
Parity in sex ratio was observed for the TRG populations of P. concinna, G.
ouachitensis, and C. picta (Table 3.2). Sex ratios for TRG C. picta were slightly male
biased, but not significantly (Table 3.2; mean proportion of males = 0.504±0.0.225,
T0.05(2),5=2.571>0.04, P = 0.970, 1.27:1). Equal sex ratios for C. picta populations in
the Southeast (Mitchell 1988 Moll, 1973), Northeast (Bayless 1975, Ernst 1971),
Midwest (Cagle 1954) and West (Christiansen and Moll 1973) are standard.
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However, male-biased proportions have been reported from populations occurring in
Illinois (13:1; Cagle 1954) and Michigan (1.77:1; Gibbons 1990). Likewise, femalebiased sex ratios have been documented in Louisiana (1:1.76; Moll 1973) and
Ontario, Canada (1:1.39; Balcombe and Licht 1987) (Table 3.6). The TRG G.
ouachitensis sex ratio did not significantly favor males (mean proportion of males =
0.533±0.1095, T0.05(2),6=2.447>0.75, P = 0.489, 1.32:1). Reports from Louisiana
(1:1.77; Shively and Jackson 1975) and Wisconsin (1:3.9; Vogt 1980a) indicate that
female-biased ratios for G. ouachitensis are the norm (Table 3.5). The TRG P.
concinna population was not significantly male-biased (1.2:1). Sex ratios in
populations of P. concinna in Illinois (1.2:1; Dreslik 1997) and Florida (1.6:1;
Jackson 1970) were similar, while Buhlmann and Vaughan (1991) reported a sex
ratio of 2.5:1 male-biased ratio in Virginia (Table 3.4).
Sexual proportions for TRG T. scripta, S. odoratus and C. serpentina
populations were biased significantly toward males (Table 3.2; Figure 3.1). The
male-bias present in the TRG C. serpentina population (Table 3.2; mean proportion
of males = 0.7515±0.1454, T0.05(2),6=2.447<4.57, P = 0.002, 4.2:1) was more
pronounced than other populations in Tennessee (1.75:1; Froese and Burghardt 1975)
and South Carolina (2.62:1; Gibbons 1990) and contrasted with observations in North
Dakota (1.0: 7.86; Hammer 1969) (Table 3.8). The observed male bias may be
attributed to the intraspecific aggressive behavior of this species as mature males
attain larger body sizes and may dominate smaller individuals (Hurlburt et al. 1999).
Differential mortality of females may also explain the disparity in sex ratio. Females
routinely migrate several kilometers to locate suitable nesting areas (Haxton 2000,
50

Obbard and Brooks 1980), making them particularly vulnerable to road mortality
(Aresco 2004, Haxton 2000), trappers and predators. The TRG population of C.
serpentina is harvested for the food market (TWRA Officer Mike Bailey, pers.
comm. 2006). It is unknown if harvest pressure might be greater on either sex due to
differential activity patterns. The TRG population of S. odoratus displayed a
significant male bias (Table 3.2; mean proportion of males = 0.6000±0.0486,
T0.05(2),6=2.447< 5.44, P = 0.002, 1.68:1). Reported disparities in S. odoratus sex
ratios are variable, with Tinkle (1961) reporting equal sex ratios from several
populations located in the eastern half of the U. S. However, populations have been
reported as being male-biased (1.39:1; Conner et al. 2005, 1.63:1; Holinka et al. 2003,
1.70:1; Smith and Iverson 2002), female-biased (1:2.8; Dodd 1989) and equal (Ernst
1986; Mitchell 1988) (Table 3.7). Smith and Iverson (2002) suggested that observed
male-bias for S. odoratus could be a result of one or more of the following being
different: mortality, activity patterns, habitat use, and temperature-dependent sex
determination. Methodological bias has also been implicated as a cause for
disparities in observed sex ratios (Frazer et al. 1990, Ream and Ream 1966). The
TRG T. scripta population displayed a significant male-biased sex ratio (Fig. 3.1;
mean proportion of males = 0.6329±0.0616, T0.05(2),6=2.447< 5.71, P=0.001, 2.67:1).
Gibbons (1990) reported similar ratios for some South Carolina populations (Cecil’s
Pond, 2.48:1, Pond B, 2.37:1, and McElmurray’s Pond, 2.28:1). Gibbons (1990) and
Gibbons et al. (1981) attribute this trend to the rapid maturation of males in most T.
scripta populations, relative to the slower maturation rate of females. Morreale et al.
(1990) suggests that males generally move more often and over greater distances,
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possibly making them more susceptible to capture. Aresco (2005) asserts that male
proportions in some Florida populations have increased to 73% due to differential
vehicle mortality of females as they search for suitable nesting habitat. Variability in
T. scripta sex ratio exists as midwestern populations were equal (Cagle 1950, Conner
et al. 2005) and female-biased (1:1.45; Cagle 1942) (Table 3.3). Gibbons (1990)
reported female-biased sex ratios as a consequence of selective predation on the
relatively smaller males by Alligator mississippiensis.
All gathered body size measurements for the TRG turtle community were
recorded and compared for SSD, but not all measurements were considered ideal for
comparison. Mass, for example, may render SSD measurements inaccurate due to the
presence of eggs in females (Gibbons and Lovich 1990). Straight-line measurements
are considered appropriate indicators of SSD (Gibbons and Lovich 1990). Size
dimorphism is often described via carapace length, plastron length, or mass.
Carapace length (CL) and plastron length (PL) will be emphasized, with carapace
width (CW), head width (HW), shell height (SH), mass, and SDI values being
reported (Table 3.1).
The SSD and resulting SDI values displayed by TRG T. scripta were
consistent with the body size dimorphisms that Emydids are recognized for (Ernst et
al. 1994). Adult females averaged 222.89± 20.04mm CL (156.00-285.00, n = 584)
and adult males averaged 187.12 ± 23.87mm CL (107.00 -254.00, n = 1553) with a
significant difference being indicated by Mann-Whitney analysis (U = 1309697.5, P <
0.0005,

X

CL SDI = +1.19). For plastron length, adult females averaged 204.00±

17.92mm PL (149.00-243.00, n = 585) and adult males averaged 165.63± 20.28mm
52

PL (95.00-230.00, n = 1555), with a significant difference being indicated (U =
1279284.5, P < 0.0005,

X

PL SDI = +1.23). Conner et al. (2005) and Minton (1972)

reported similar CL SDI values for Indiana populations of T. scripta at +1.19 and
+1.11 respectively, even as CL measurements were between 2% and 25% smaller
than TRG populations (Table 3.9). Ellenton Bay and Par Pond, South Carolina
populations of T. scripta averaged generally smaller body measurements than that of
the TRG, but larger SDI values (Table 3.9). Virginia specimens also had larger SDI
values for CL (SDI = +1.55) while averaging smaller male CL ( X male CL =
158.4±25.4mm) but larger female CL measurements ( X female CL =
246.3±15.4mm) (Table 3.4). Similar results were observed when comparing plastron
lengths and SDI values from other populations. Values from TRG T. scripta
( X female PL = 204.00± 17.92mm, 149.00-243.00, n = 585;

X

male PL = 165.63±

20.28mm, 95-230, n = 1555) produced a PL SDI value of +1. 23. These PL
measurements and index value were less than the average PL size and SDI parameters
of nine South Carolina populations of T. scripta where:
210.56±29.40mm, 180-256, n = 1370;

X

X

female PL =

male PL = 156.11±22.76mm, 136-200, n =

2547; and PL SDI = +1.35 (Table 3.9). The South Carolina populations varied
between relatively proximate locations, but observed dimorphisms were greater than
those of the TRG. The comparatively lower SDI values for CL and PL were a result
of relatively larger male body sizes in the TRG population, resulting in lesser
detectable dimorphism values.
Pseudemys concinna expresses a SSD that favors larger adult female body
sizes (Ernst et al., 1994) (Table 3.10). Mean carapace length for females (322.65±
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25.10mm, 259.00-372.00, n = 130) in the TRG were greater than males (277.83±
34.15mm, 190.00-348.00, n = 158) and were significantly different (U = 26035.5,
P<0.0005,

X

CL SDI = +1.16). TRG female plastron length (291.25± 23.67mm,

235.00-338.00, n = 130) measurements were significantly (U = 27850.5, P<0.0005,
X

PL SDI = +1.24) greater than male measurements (234.77 ± 25.49mm, 168.00-

309.00, n = 158). Mean shell measurements (carapace and plastron length) were
generally greater for both sexes of TRG P. concinna when compared to body sizes
from Virginia (Table 3.10; Buhlmann and Vaughan 1991) and Illinois (Table 3.10;
Dreslik 1997). Comparative size disparity did not affect the SDI values as the TRG
population ( X CL SDI = +1.16/
(Mitchell 1994;
1991;

X

X

X

PL SDI = +1.24), and both Virginia populations

CL SDI = +1.15/

CL SDI = +1.17/

X

X

PL SDI = +1.23, Buhlmann and Vaughan

PL SDI = +1.21) were close in SDI measurements.

Though smaller in shell measurements, an Illinois population of P. concinna (Dreslik,
1997) displayed greater SDI values ( X CL SDI = +1.48/

X

PL SDI = +1.52) in

response to smaller male body sizes.
The TRG population of C. picta was significantly dimorphic in all but one
body size measurement, which was shell height (Table 3.11). Females averaged
149.47± 10.42mm (124-160, n = 15) in CL and males averaged 127.50± 6.97mm
(115-137, n = 19) in CL with a significant difference (U = 385.0, P<0.0005,

X

CL

SDI = +1.17). For PL females averaged 135.80± 7.76mm (117.00-145.00, n = 15)
and males averaged 112.74± 7.02mm (100.50-124.00, n = 19), with a significant
difference (U = 397.5, P<0.0005,

X

PL SID = +1.20). Based on the plastron length

SDI for C. picta, it was noted that values were similar for geographically distant
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populations from Tennessee (+1.20; this study), three populations from Virginia
(+1.20 and +1.25, Mitchell 1988; +1.19, Mitchell 1994), and Ontario, Canada (+1.20,
Balcombe and Licht 1987). The similarities in plastron dimorphism were noteworthy
as the Canadian population means ( X male PL = 117.8± 8.7mm,

X

female PL =

140.8± 4.8mm) were generally larger than those of the TRG and Virginia populations
(Table 3.11). Comparative SDI values for carapace length were also similar, with C.
picta from Virginia (+1.26, Laurel Lake; +1.19, Grassy Swamp Lake; and +1.18,
general Virginia locations) and the TRG (+1.17, this study). Regardless of observed
variability in general body size means, separate populations of C. picta displayed a
slight range of SDI values.
Female G. ouachitensis in TRG averaged larger carapace measurements than
those of Wisconsin, while TRG males were smaller than their Wisconsin counterparts
(Table 3.12). Within the TRG population, carapace measurements for females ( X
female CL = 219.76 ±19.12mm) were significantly greater than those of males
( X male CL = 115.15±13.30mm, U = 1943.5, P<0.0005, SDI = +1.91). Disparities in
PL measurements were also observed with females ( X female PL = 189.24 ±
18.57mm) being significantly greater than males ( X male PL = 96.65 ± 5.78mm, U =
1914.0, P<0.0005, SDI = +1.96). The TRG SDI value for CL (+1.96) is greater than
that of the Wisconsin (+1.71) population (Table 3.12). The large SDI values for the
TRG G. ouachitensis is consistent with the observations of Gibbons and Lovich
(1990) as they describe females as being twice the size of males.
The G. geographica population in the TRG displayed the expected amount of
dimorphism that is common to emydids (Table 3.13). Females were significantly
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larger than males in regards to carapace length ( X female CL = 243.25± 11.81mm,
X

male CL = 112.29± 14.00mm, U = 38.0, P<0.005, SDI = +2.17) and plastron

length ( X female PL = 208.0 ± 9.70 mm,

X

male PL = 96.14 ± 12.77 mm, U = 38.0,

P = 0.005, SDI = +2.16). Females from the TRG were greater in carapace and
plastron lengths than reported measurements from Wisconsin, Indiana, and Virginia
(Table 3.13). Tennessee River Gorge G. geographica males were greater in body size
measurements than those in Indiana and Virginia, but smaller than measurements
from Wisconsin (Table 3.13). Comparisons of SDI values indicate similarities in
dimorphism grade between distant populations of Graptemys geographica, as SDI
values for Virginia (CL SDI = +2.13, PL SDI = +2.17) and the TRG (CL SDI =
+2.17, PL = +2.16) are proximate. Indiana (+1.86) and Wisconsin (+1.97)
populations express a lessened grade of dimorphism in comparison.
The male S. odoratus ( X CL = 106.55± 8.59mm) in the TRG are
significantly larger than any other examples reported (Table 3.14; Table 3.18). The
largest example of male S. odoratus from the TRG displayed a carapace length of
131mm. The recorded maximum carapace length for S. odoratus is 137mm (Conant
and Collins 1998, Ernst et al. 1994). Females ( X CL = 105.86 ± 8.75mm) are
appreciably larger than most reported values, with the exception of a population in
Indiana (Table 3.14; Table 3.18). This finding is in contrast to that of Edmonds and
Brooks (1996), who assert that both sexes of S. odoratus reach greater sizes in
northern latitudes. TRG results for S. odoratus also conflict with the widely accepted
Bergmann’s Rule, which associates increases in intraspecific animal body sizes with
increasing latitudes or decreasing environmental temperatures (Bergmann 1847).
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Bergmann’s Rule has garnered support in describing endotherms like birds (Ashton
2002) and mammals (Blackburn and Hawkins 2004). Reports of adherence to
Bergmann’s Rule by ectotherms have been inconsistent as snakes, lizards (Ashton
and Feldman 2003) and amphibians (Adams and Church 2007) do not follow the rule,
while turtle studies (Ashton and Feldman 2003, Litzgus et al., 2004, Tinkle 1961, this
study 2008) have provided conflicting evidence. In relation to S. odoratus the
hypothesis follows that northern latitudes necessitate larger body sizes in females so
that a single, larger egg clutch may be produced in a relatively short activity season.
Larger male sizes occur in response to greater female sizes as an advantage to
reproductive success (Edmonds and Brooks 1996). More southerly localities have
longer activity seasons where females may reach maturity earlier (Iverson 1992) and
lay two to three clutches per season (McPherson and Marion 1983). Turtle growth
rates decelerate after maturation (Bury 1979), so southern females may remain small
relative to their northern counterparts. Accordingly, southern males may remain
relatively smaller than northern conspecifics (Edmonds and Brooks 1996). At least
two studies from latitudes south of Ontario, Canada have reported larger average
carapace sizes for S. odoratus (Conner et al. 2005, this study; Table 3.18). Within the
TRG population, there is not a significant sexual dimorphism in respect to carapace
length (t = 0.75, P = 0.453, SDI = -1.01). Plastron length measurements significantly
favored female S. odoratus (U = 34489.0, P < 0.0005, SDI = +1.09), but was
primarily due to the plastron concavity exhibited by males to facilitate mating
(Gibbons and Lovich 1990, Mahmoud 1967). Carapace length SDI values from
populations in Alabama, South Carolina, Virginia, Oklahoma, Indiana, and Ontario,
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Canada were similar to that of the TRG (Table 3.18). Head width is reported to be
generally greater in males in comparison to females (Mahmoud 1967). This held true
for the TRG population as male values ( X HW= 25.10 ± 2.04 mm) were significantly
greater than females ( X HW = 22.71± 22.71mm; t = 3.20, P= 0.003) (Table 3.5). It
is not clear at this point why the S. odoratus population in the TRG possesses a
comparatively large body size relative to values reported from other localities within
its distribution range. The hypothesis put forth by Tinkle (1961) and Edmonds and
Brooks (1996), suggesting that body size increases with latitude, does not seem to
apply in this population of S. odoratus. Given that the TRG is located within an
isotherm where the average temperature ranges between 12.8 and 15.6 degrees
Celsius (55-600F, U.S. Government Printing Office 1941), observed body sizes
should be similar to the values reported by Dodd (1989) and Gibbons (1990) (Table
3.5). The divergence of TRG S. odoratus toward a larger body size suggests that
more interpopulational diversity may exist than previously observed. It may also
indicate an enhanced growth response to beneficial environmental factors such as
food availability (Gibbons 1979). It is also plausible that the TRG S. odoratus
population is more aged and therefore larger than other populations reported upon.
Age estimation via the counting of scute rings (Zug 1991) was not possible as all
captured subjects possessed worn or eroded scutes.
Observations on S. minor were few during the study (Table 3.15). Four
females were captured and did display a greater mean carapace length ( X CL =
104.75± 5.32mm) than did males ( X CL = 98.00± 8.49mm). Both sexes in the TRG
had larger mean carapace lengths than those reported by Iverson (1977) and Mitchell
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(1994). The SDI values for the TRG were similar to those reported by Iverson
(1977), but smaller than a Virginia population (Mitchell, 1994) (Table 3.15). The
size of the TRG sample (male N = 2, female N = 4) was small and may not reflect the
accurate population mean for body size.
Chelydra serpentina males ( X CL = 329.18 ± 51.64mm) in the TRG average
significantly larger carapace lengths than females ( X CL = 284.70 ± 26.40mm, U=
6708.0, P<0.0005, SDI = -1.15; Table 3.16). Plastron length was also a measurement
of disparity as males were significantly larger (U = 6581.5, P = 0.0006, SDI = -1.11).
It is notable, given that adult males were markedly larger in body size than females,
that no significant dimorphism was observed in carapace width, shell height, or head
width in the TRG sample (Table 3.16). Mossiman and Bider (1960) found no
significant morphological dimorphisms in a Quebec population of C. serpentina,
aside from pre-anal tail length. In comparison of carapace and plastron length, the
TRG C. serpentina population means were greater than those reported from
Tennessee, Virginia, and South Carolina, but smaller than values from South Dakota
(Table 3.16). The carapace length SDI values from the Knox County, Tennessee
study (-1.15; Froese and Burghardt, 1975) were similar to that of the TRG (-1.16),
even as the population means differed (Table 3.16).
Conservation Implications
With few exceptions, most turtle populations in the TRG assemblage were
generally, if not significantly, biased towards males. Ream and Ream (1966)
reported that certain trap designs may be biased toward species and sex, and that
concurrently using multiple designs may improve results. Collection methods similar
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to those used in the TRG study have yielded female-biased, male-biased, and equal
sex ratios in previous studies (Table 3.3-3.8). Given the balanced design of sampling
techniques in the TRG study, trap bias was minimized and is not believed to have
contributed to this trend. Other plausible explanations put forward by Gibbons
(1990) in describing sex ratio disparities in aquatic turtle populations included: sex
ratios of hatchlings, differential immigration and emigration of the sexes, differential
mortality of the sexes, and differential ages at maturity of the sexes.
Gibbons (1990) stated that adult sex ratio disparities in South Carolina turtle
populations occurred due to rapid attainment of sexual maturity by one of the sexes.
This assertion depends upon two suppositions: that an earlier attainment of sexual
maturity by one sex may precipitate a higher proportion of that sex, and that rapid
attainment of sexual maturity results in smaller adults. These hypotheses may
partially explain inequities observed with Emydids in the TRG, but may not
adequately address the unequal adult ratios detected with the kinosternids and
chelydrids. There were no significant sexual size dimorphisms for carapace length
observed for adult S. odoratus in the TRG (Table 3.14). Male and female C.
serpentina mature at about the same body size in Tennessee (145.0mm CL; White
and Murphy, 1973), but adult males reach larger body sizes in most population
descriptions (Table 3.16).
Disparities in observed sex ratio in TRG turtle populations may be a result of
sex ratios at the time of hatching. Turtles are known to be temperature dependent
relative to sexual determination during incubation of eggs (Bull et al. 1982, Bull and
Vogt 1979). Lower incubation temperatures (22-28 oC) produce males while higher
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temperatures (30-35 oC) are indicated for female development (Bull et al. 1982). If
female turtles were allowed to choose preferred egg laying locations, the resulting
ambient temperature would produce a sex ratio approaching equality. Aquatic female
turtles generally prefer to lay their eggs in an open area with full sun exposure (Ernst
et al. 1994). This prime habitat is in relative short supply in the TRG. The open
areas that do exist are primarily residential lawns and TVA public access sites, which
are areas of intense human activity and are maintained under a regime of frequent
mowing. Other public lands within the TRG are utilized as campsites throughout the
summer and are rarely left empty. Horne et al. (2003) found that human disturbance
affected nesting activities of G. flavimaculata, forcing females to delay nesting
behavior or to completely abandon a preferred nesting site. Similar instances were
observed to occur in the TRG. In 2004, a female P. concinna in the TRG was
observed depositing eggs into the soaked sandy substrate less than one meter from the
river margin and in 2006, P. concinna and C. picta were observed to have nested on
the eroding banks of Pryor Island, with the eggs falling through fissures in the bank
and into the river below. Most of the TRG shoreline is in various stages of
succession, shaded by a canopy of trees and undergrowth. Horne et al. (2003)
observed that female G. flavimaculata chose shady, substandard nesting areas when
not allowed to nest in preferred sites. The shadier nesting conditions lowered the
ambient nest temperature, possibly leading to a greater proportion of male turtles
developing within the nest. Historically the TRGT maintained a terrestrial prairie
area in the vicinity of Pot Point, but the trust has since allowed the prairie to become
overgrown. There is little doubt that riverine turtles would utilize these open areas,
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should they be maintained. The TRGT could maintain or improve the biodiversity
within the gorge by actively managing lands that provide suitable nesting habitat for
the indigenous riverine turtles.
Appropriate nesting locations in the TRG are often proximate to busy public
roads, increasing the chances of road mortality for females in search of an appropriate
nesting site. Female T. scripta, P. concinna, S. odoratus, C. serpentina, and G.
geographica have been observed moving from the TRG river channel and across
adjacent roadways, often resulting in mortality. Gibbs and Shriver (2002) reported
that roads could be a limiting factor for aquatic turtle populations. Female aquatic
turtles in Indiana migrated across roads to find suitable nesting habitat (Conner et al.,
2005). Differential road mortality of female turtles created skewed sex ratios in
Florida where male T. scripta (73%), P. floridana (80%), and S. odoratus (73%)
constituted greater proportions of their respective populations (Aresco 2005). It is
possible that the TRG turtle community sex ratio may be affected by differential
mortality of females that are searching for appropriate nesting sites.
Of the four factors mentioned by Gibbons (1990) that affect sex ratios within
turtle populations, differential emigration and immigration of the sexes is the most
unlikely reason for the observed sex ratios in the TRG. Male turtles from some
aquatic species are known to make seasonal overland movements to contiguous
populations (Gibbons 1986). These differences in movement and activity patterns
between the sexes may skew sex ratio estimates if sampling occurs during these
movement cycles. Sampling for the TRG study occurred over a period that covered
multiple seasonal cycles and years and potential bias from these movements would
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have been minimized. The physiography of the study site further minimized
emigration and immigration bias as the TRG study area is located within a gorge.
The significant ridges surrounding the Tennessee River represent geographical
boundaries, reducing successful terrestrial movements to and from distant
populations.
Aquatic turtle species in the TRG display larger adult body sizes relative to
many of those reported from other populations, including those that are more northern
in geography (Tables 3.9-3.18). These observations are in contrast to the assertion
that some turtle species found in more northerly latitudes generally average larger
body sizes than conspecifics in southern climes (Edmonds and Brooks 1996, Tinkle
1961). Edmonds and Brooks (1996) and Litzgus et al. (2004) state that larger body
sizes for northern adult aquatic turtle species are primarily due to the relatively larger
sizes that females must obtain to produce a larger, single clutch of eggs during a
shortened activity period. Gibbons et al. (1979) identified increased environmental
temperatures, a high protein diet, and longer growing seasons as explanations for
increased T. scripta body sizes in South Carolina.
The TRG is located within an isotherm that exhibits a mild year round climate
including: 1) 200 days without a killing frost, 2) from 137-142 centimeters of
precipitation per year, 3) an average January temperature of 5.6 0C and, 4) an average
July temperature of 24.4 0C (U.S. Government Printing Office 1941). In addition to
the favorable climate, the TRG is a productive system with a diverse assemblage of
aquatic plants that are available for turtle consumption. Filamentous algae (Lyngbya
wollei), watermeal (Wolffia brasiliensis), duckweed (Lemna minor,), hydrilla
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(Hydrilla verticillata), and elodea (Elodea canadensis) are present in the TRG (TVA
1996) and are consumed by aquatic turtles (Ernst et al. 1994). Gibbons (1979) asserts
that significantly larger body sizes for some T. scripta populations in South Carolina
were contingent upon the availability of a high protein diet, mostly consisting of fish.
Etnier and Starnes (1993) describe The TRG, which is associated with the ridge and
valley physiography of the Tennessee River system, as being the richest in fish fauna
in the state of Tennessee. Eighteen species of fishes from four families were
observed as by-catch while sampling for turtle species (Table 3.19). All of the turtle
species detected in the TRG have been documented to consume fish as living food or
carrion (Ernst et al. 1994) and turtles in the TRG were often observed feeding on the
abundant fish carrion at the surface of the water column (Figure 3.4). It is plausible
that a prolonged, mild climate and ready accessibility to a high quality diet has led to
relatively larger body sizes for aquatic turtles in the TRG.
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Table 3.1. Definitions of body measurements used to describe general morphology and SSD
of turtles. Epidermal plate (scute) and turtle skull terminology follows those proposed by
Ernst et al (1994)
___________________________________________________________________________
Parameter
Definition
___________________________________________________________________________
Carapace length (CL)

Measured from the midline anterior cervical scute to the seam of the most posterior
marginals, with the axis of the calipers positioned immediately above the vertebral scutes
(Figure 3.2).

Carapace width (CW)

Generally measured from juncture of the sixth and seventh marginal scutes. For some
species, like P. concinna, this measurement might be taken at the juncture of the eighth
and ninth marginal scutes (Figure 3.2).

Plastron length (PL)

Measured from the intergular scute at the anterior of the plastron, and parallel to the
midplastral seam to the most posterior anal scute (Figure 3.2).

Shell height (SH)

Measured from the midline of the second or third vertebral scute to the midline of the
plastron (Figure 3.2).

Right abdominal):
scute length (RASL)

Measured from the anterior to the posterior most point of the right abdominal
scute on the midline seam (Figure 3.2).

Head width (HW):

Measured from the greatest width on the zygomatic arch, usually just anterior to the
tympanic area (Figure 3.3).
_______________________________________________________________________________________________________
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Table 3.2. Observed adult sex ratios for turtle populations in the TRG for the study period (2000-2006). Chi-square analysis was utilized to
determine a bias between adult male and female totals. One-sample t tests were performed using the male proportions as the dependent variable
for the study duration (2000-2006) with proportions being arcsin square-root transformed as necessary.
_______________________________________________________________________________________________________________________________________________
X2 test
t test
reference
(P)a
(P)a
_______________________________________________________________________________________________________________________________________________

Taxon

Location

Males

Females

Sex ratio

T. scripta

TRG

1578

590

2.67

0.001

0.001

this study

P. concinna

TRG

159

132

1.20

NS

NS

this study

G. ouachitensis

TRG

45

34

1.32

NS

NS

this study

C. picta

TRG

19

15

1.27

NS

NS

this study

TRG

241

142

1.70

0.001

0.001

this study

TRG

102

24

4.2

p<0.001

p=0.002

this study

Emydidae

Kinosternidae
S. odoratus
Chelydridae
C. serpentina

_______________________________________________________________________________________________________________________________________________
a

Significant test results (P ≤ 0.05) are presented.
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Table 3.3. Reported locations, male and female sample sizes, adult sex ratios, and Chi-square test results for Trachemys scripta from previously
published studies and this study. Table adapted from Gibbons (1990).
______________________________________________________________________________________________________________________________
Males
Females
Sex ratio
X2 test
reference
(n)
(n)
(P)
______________________________________________________________________________________________________________________________

Taxon

Location

T. scripta

CPa, South Carolina

82

33

2.48

0.01

Gibbons 1990

PBb, South Carolina

185

78

2.37

0.01

Gibbons 1990

McEPc, South Carolina

280

123

2.28

0.01

Gibbons 1990

Illinois

403

441

0.91

NS

Cagle 1950

396

576

0.69

0.01

Cagle 1942

36

45

0.80

NS

Conner et al. 2005

48

50

0.96

NS

Conner et al. 2005

Indiana

TRG
1578
590
2.67
0.001
this study
________________________________________________________________________________________________________________________________
a

CP = Cecil’s Pond
PB = Pond B
c
McEP = McElmurray’s Pond
b
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Table 3.4. Reported locations, male and female sample sizes, adult sex ratios, and Chi-square test results for Pseudemys concinna from previously
published studies and this study. Table adapted from Gibbons (1990).
____________________________________________________________________________________________________________________________________
Males
Females
Sex ratio
X2 test
reference
(n)
(n)
(P)
____________________________________________________________________________________________________________________________________

Taxon

Location

P. concinna

Florida

66

57

1.16

NS

Jackson 1970

Illinois

16

13

1.23

NS

Dreslik 1997

Virginia

**

**

1.10

**

Buhlman and Vaughan 1991

**

**

2.0

**

Buhlman and Vaughan 1991

**

**

4.5

**

Buhlman and Vaughan 1991

TRG
159
132
1.20
NS
this study
_____________________________________________________________________________________________________________________________________

** indicate unavailable data

Table 3.5. Reported locations, male and female sample sizes, adult sex ratios, and Chi-square test results for Graptemys ouachitensis from
previously published studies and this study. Table adapted from Gibbons (1990).
_____________________________________________________________________________________________________________________________________
Males
Females
Sex ratio
X2 test
reference
(n)
(n)
(P)a
_____________________________________________________________________________________________________________________________________

Taxon

Location

G. ouachitensis

Louisiana

48

85

0.56

0.05

Shively and Jackson 1985

Wisconsin

68

265

0.26

0.01

Vogt 1980a

TRG
45
34
1.32
NS
this study
______________________________________________________________________________________________________________________________________
a

Significant test results (P≤ 0.05) are presented.
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Table 3.6. Reported locations, male and female sample sizes, adult sex ratios, and Chi-square test results for Chrysemys picta from previously
published studies and this study. Table adapted from Gibbons (1990).
_____________________________________________________________________________________________________________________________________
Males
Females
Sex ratio
X2 test
reference
(n)
(n)
(P)a
_____________________________________________________________________________________________________________________________________

Taxon

Location

C. picta

Tennessee

17

19

0.89

NS

Moll 1973

Virginia

215

184

1.17

NS

Mitchell 1988

New York

42

29

1.44

NS

Bayless 1975

Pennsylvania

374

375

1.00

NS

Ernst 1971

Illinois

14

14

1.00

NS

Cagle 1954

17

14

1.21

NS

Cagle 1954

39

3

13.00

0.01

Cagle 1954

Louisiana, Arkansas

21

37

0.57

0.05

Moll 1973

New Mexico

55

54

1.02

NS

Christiansen and Moll 1973

Michigan

849

481

1.77

0.01

Gibbons 1990

Ontario, Canada

129

179

0.72

0.01

Balcombe and Licht 1987

TRG
19
15
1.27
NS
this study
_______________________________________________________________________________________________________________________________________
a

Significant test results (P≤ 0.05) are presented.
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Table 3.7. Reported locations, male and female sample sizes, adult sex ratios, and Chi-square test results for Sternotherus odoratus from
previously published studies and this study. Table adapted from Gibbons (1990).
_____________________________________________________________________________________________________________________________________
Males
Females
Sex ratio
X2
reference
(n)
(n)
(P)a
_____________________________________________________________________________________________________________________________________

Taxon

Location

S. odoratus

USA

80

97

0.82

NS

Tinkle 1961

43

46

0.93

NS

Tinkle 1961

40

42

0.95

NS

Tinkle 1961

29

36

0.81

NS

Tinkle 1961

65

83

0.78

NS

Tinkle 1961

51

35

1.46

NS

Tinkle 1961

451

266

1.70

0.0002

Smith and Iverson 2002

Indiana

170

122

1.39

0.005

Conner et al. 2005

Alabama

30

83

0.36

0.01

Dodd 1989

Virginia

266

290

0.92

NS

Mitchell 1988

Pennsylvania

--

--

1.34

NS

Ernst 1986

Indiana

11

19

0.58

NS

Minton 1972

TRG
241
142
1.70
0.001
this study
_______________________________________________________________________________________________________________________________________
a

Significant test results (P≤ 0.05) are presented.
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Table 3.8. Reported locations, male and female sample sizes, adult sex ratios, and Chi-square test results for Chelydra serpentina from previously
published studies and this study. Table adapted from Gibbons (1990).
______________________________________________________________________________________________________________________________________
Males
Females
Sex ratio
X2
reference
(n)
(n)
(P)a
_______________________________________________________________________________________________________________________________________

Taxon

Location

C. serpentina

Tennessee

14

8

1.75

NS

Froese and Burghardt 1975

South Dakota

37

291

0.13

0.01

Hammer 1969

SRP, South Carolina

55

21

2.62

0.01

Gibbons 1990

TRG

102

24

4.2

0.001

this study

_______________________________________________________________________________________________________________________________________
a

Significant test results (P≤ 0.05) are presented.
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Table 3.9. Total numbers, body measurement types, mean population measurements ± 1 SD, SDI values, and locations for Trachemys scripta
taken from previously reported aquatic turtle populations and this study. Table adapted from Gibbons (1990).
__________________________________________________________________________________________________________________________________________________________________

Taxon

____________n_______________
Female
Male

Body size
measurement

__mean size (mm) or (g) ± 1 SD_
Female
Male

SDI

Location

Reference

____________________________________________________________________________________________________________
T. scripta

584

1553

CL

228.89±20.04

187.12±23.87

+1.19

TRG

this study__________

11

5

CL

200

183

+1.09

Indiana

28

42

CL

192

148

+1.30

Ellenton Bay, SC

Minton 1972_______
Gibbons and
Lovich 1990

585

1555

PL

204.00±17.92

165.63±20.28

+1.23

TRG

28

42

PL

186

139

+1.34

Ellenton Bay, SC

79

193

CL

248

172

+1.44

Par Pond, SC

79

193

PL

232

158

+1.47

Par Pond, SC

45

36

CL

175.1

151.0

+1.16

Canal, Indiana

Conner et al. 2005__

50

48

CL

178.2

148.6

+1.20

Lake, Indiana

Conner et al. 2005__

136

110

CL

246.3±15.4

158.4±25.4

+1.55

Virginia

Mitchell 1994______

134

110

PL

229.4±15.1

143.6±23.1

+1.60

Virginia

58

63

PL

190

142

+1.34

Risher Pond, SC

328

653

PL

195

146

+1.34

Lost Lake System, SC

78

185

PL

211

136

+1.69

Pond B, SC

45

14

PL

252

187

+1.35

Capers Island, SC

17

19

PL

256

200

+1.28

Kiawah Island, SC

31

74

PL

191

140

+1.36

Cecil’s Pond, SC

Mitchell 1994______
Gibbons and
Lovich 1990_______
Gibbons and
Lovich 1990_______
Gibbons and
Lovich 1990_______
Gibbons and
Lovich 1990_______
Gibbons and
Lovich 1990_______
Gibbons and
Lovich 1990_______

this study__________
Gibbons and
Lovich 1990_______
Gibbons and
________ Lovich 1990_______
Gibbons and
Lovich 1990
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Table 3.9 continued.
__________________________________________________________________________________________________________________________________________________________________

Taxon

____________n_______________
Female
Male

Body size
measurement

__mean size (mm) or (g) ± 1 SD_
Female
Male

SDI

Location

Reference

____________________________________________________________________________________________________________
T. scripta

106

209

PL

180

157

+1.15

McElmurray’s Pond, SC

Gibbons and
Lovich 1990_______

261

765

CW

157.92±18.39

144.94±16.60

+1.09

TRG

this study__________

576

1540

Mass

1647.60±439.60

953.80±332.85

+1.73

TRG

this study__________

224

682

SH

85.34±13.81

72.88±11.75

+1.17

TRG

this study__________

67

147

HW

34.07±4.46

27.76±3.42

+1.23

TRG

this study__________
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Table 3.10. Total numbers, body measurement types, mean population measurements ± 1 SD, SDI values, and locations for Pseudemys concinna
taken from previously reported aquatic turtle populations and this study. Table adapted from Gibbons (1990).
__________________________________________________________________________________________________________________________________________________________________

Taxon

____________n_______________
Female
Male

Body size
measurement

__mean size (mm) or (g) ± 1 SD_
Female
Male

SDI

Location

Reference

____________________________________________________________________________________________________________
P. concinna

130

158

CL

322.65±25.10

277.83±34.15

+1.16

TRG

9

26

CL

311.0±21.0

266.0±31.0

+1.17

New River, West Virginia

9

25

PL

289.0±16.0

239.0±26.0

+1.21

New River, West Virginia

9

26

SH

107.0±8.0

81.0±8.0

+1.32

New River, West Virginia

this study__________
Buhlmann and
Vaughan 1991_____
Buhlmann and
Vaughan 1991_____
Buhlmann and
Vaughan 1991

5

19

CL

290.2±20.5

252.3±18.1

+1.15

Virginia

Mitchell 1994______

130

158

PL

291.25±23.67

234.77±25.49

+1.24

TRG

this study__________

6

19

PL

273.8±19.3

225.3±16.2

+1.22

Virginia

Mitchell 1994______

13

17

CL

288.3±25.4

194.5±17.44

+1.48

Illinois

Dreslik 1997_______

13

17

PL

264.6±23.8

174.0±13.1

+1.52

Illinois

Dreslik 1997_______

13

17

CW

207.6±14.0

147.8±10.0

+1.40

Illinois

Dreslik 1997_______

13

16

SH

100.9±11.7

64.6±4.7

+1.56

Illinois

Dreslik 1997_______

97

117

CW

223.33±25.35

200.04±24.52

+1.17

TRG

this study__________

126

157

Mass

4131.00±1066.9

2180.50±731.50

+1.89

TRG

this study__________

83

100

SH

114.39±19.95

89.36±16.57

+1.28

TRG

this study__________

29

44

HW

35.69±3.99

30.18±3.18

+1.18

TRG

this study__________
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Table 3.11. Total numbers, body measurement types, mean population measurements ± 1 SD, SDI values, and locations for Chrysemys picta
taken from previously reported aquatic turtle populations and this study. Table adapted from Gibbons (1990).
__________________________________________________________________________________________________________________________________________________________________

Taxon

____________n_______________
Female
Male

Body size
measurement

__mean size (mm) or (g) ± 1 SD_
Female
Male

SDI

Location

Reference

____________________________________________________________________________________________________________
C. picta

15

19

CL

149.47±10.42

127.50±6.97

+1.17

TRG

this study__________

171

199

CL

125.6±6

100.0±2.29

+1.26

Laurel Lake, VA

Mitchell 1988______

15

19

PL

135.80± 7.76

112.74±7.02

+1.20

TRG

this study__________

735

1224

PL

120.5±0.59

96.2±0.66

+1.25

Laurel Lake, VA

Mitchell 1988______

65

171

CL

132.7±7.0

111.7±1.82

+1.18

Grassy Swamp Lake, VA

Mitchell 1988______

65

171

PL

124.1±8.1

103.1±11.9

+1.20

Grassy Swamp Lake, VA

Mitchell 1988______

357

853

CL

140.0±12.9

119.9±15.6

+1.17

Virginia

Mitchell 1994______

378

871

PL

132.3±12.8

111.5±14.3

+1.19

Virginia

36

37

PL

140.8±4.8

117.8±8.7

+1.20

Ontario, Canada

Mitchell 1994______
Balcombe and
Licht 1987________

4

10

CW

137.1±56.2

102.9±32.2

+1.13

TRG

this study__________

14

19

Mass

521.4±76.0

326.3 ± 84.7

+1.60

TRG

this study__________

3

10

SH

53.00±3.61

48.90± 14.84

+1.08

TRG

this study__________

1

6

HW

21.500

20.350±0.742

+1.06

TRG

this study__________
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Table 3.12. Total numbers, body measurement types, mean population measurements ± 1 SD, SDI values, and locations for Graptemys
ouachitensis taken from previously reported aquatic turtle populations and this study. Table adapted from Gibbons (1990).
__________________________________________________________________________________________________________________________________________________________________

Taxon

____________n_______________
Female
Male

Body size
measurement

__mean size (mm) or (g) ± 1 SD_
Female
Male

SDI

Location

Reference

____________________________________________________________________________________________________________
G. ouachitensis

33

42

CL

219.76±19.12

115.15±13.30

+1.91

TRG

this study__________

265

68

CL

205.0

123.0

+1.67

Wisconsin

Vogt 1980b________

33

41

PL

189.24±18.57

96.65±5.78

+1.96

TRG

this study__________

19

19

CW

157.00±58.10

120.70±45.80

+1.30

TRG

this study__________

32

44

Mass

1398.40±315.80

198.09±46.83

+7.06

TRG

this study__________

10

9

SH

93.20± 31.01

42.78 ± 2.39

+2.18

TRG

this study__________

3

3

HW

28.23± 2.89

14.77± 0.95

+1.19

TRG

this study__________
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Table 3.13. Total numbers, body measurement types, mean population measurements ± 1 SD, SDI values, and locations for Graptemys
geographica taken from previously reported aquatic turtle populations and this study. Table adapted from Gibbons (1990).
__________________________________________________________________________________________________________________________________________________________________

Taxon

____________n_______________
Female
Male

Body size
measurement

__mean size (mm) or (g) ± 1 SD_
Female
Male

SDI

Location

Reference

____________________________________________________________________________________________________________
G. geographica

4

7

CL

243.25±11.81

112.29±14.00

+2.17

TRG

this study__________

11

8

CL

195.0

105.0

+1.86

Indiana

Minton 1972_______

15

45

CL

226.0

115.0

+1.97

Wisconsin

Vogt 1980_________

7

20

CL

206.9±33.7

96.9±14.4

+2.13

Virginia

Mitchell 1994______

7

20

PL

179.0±27.4

82.4±11.0

+2.17

Virginia

Mitchell 1994______

4

7

PL

208.0±9.70

96.14 ± 12.77

+2.16

TRG

this study__________
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Table 3.14. Total numbers, body measurement types, mean population measurements ± 1 SD, SDI values, and locations for Sternotherus odoratus
taken from previously reported aquatic turtle populations and this study. Table adapted from Gibbons (1990).
__________________________________________________________________________________________________________________________________________________________________

Taxon

____________n_______________
Female
Male

Body size
measurement

__mean size (mm) or (g) ± 1 SD_
Female
Male

SDI

Location

Reference

____________________________________________________________________________________________________________
S. odoratus

139

234

CL

105.86±8.75

106.91±9.42

-1.01

TRG

this study__________

83

30

CL

75.00±5.5

76.8±7.6

+1.02

Alabama

Dodd 1989________

19

11

CL

97.0

95.0

+1.02

Indiana

Minton 1972_______

628

560

CL

87.3±9.9

89.7±15.4

-1.03

Virginia

Mitchell 1994______

18

18

CL

77.0

74.0

+1.04

Oklahoma

80

94

CL

103.0

100.0

+1.03

Ellenton Bay, SC

29

37

CL

88.0

84.0

+1.05

Lost Lake, SC

25

27

CL

75.0

73.0

+1.03

Risher Pond, SC

Mahmoud 1967____
Gibbons and
Lovich 1990_______
Gibbons and
Lovich 1990
Gibbons and
Lovich 1990_______

139

234

PL

78.52±7.14

72.056±5.98

+1.09

TRG

17

44

PL

101.0

98.0

+1.03

Par Pond, SC

28

32

PL

86.0

83.0

+1.04

Steel Creek, SC

this study__________
Gibbons and
Lovich 1990_______
Gibbons and
Lovich 1990_______

1113

800

CL

79.4±0.50

79.0±0.86

+1.005

Laurel Lake, VA

Mitchell 1988______

1113

800

PL

58.4±0.38

53.7±0.55

+1.09

Laurel Lake, VA

Mitchell 1988______

134

113

CL

85.9±0.26

82.6±0.55

+1.04

Grassy Swamp Lake, VA

68

229

CL

98.7±9.4

103.6±5.9

-1.05

Ontario, Canada

68

228

PL

74.7±7.1

71.1±3.7

+1.05

Ontario, Canada

Mitchell 1988______
Edmonds and
Brooks 1996_______
Edmonds and
Brooks 1996_______

122

170

CL

107.1

98.6

+1.09

Indiana

Conner et al. 2005__

97

80

CL

94.0

93.0

+1.01

ISO1

Tinkle 1961_______
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Table 3.14 continued.
__________________________________________________________________________________________________________________________________________________________________

Taxon

____________n_______________
Female
Male

Body size
measurement

__mean size (mm) or (g) ± 1 SD_
Female
Male

SDI

Location

Reference

____________________________________________________________________________________________________________
S. odoratus

46

43

CL

92.0

98.0

-1.07

ISO2

Tinkle 1961_______

42

40

CL

92.0

91.0

+1.01

ISO3

Tinkle 1961_______

5

36

29

CL

85.0

83.0

+1.02

ISO

Tinkle 1961_______

83

65

CL

79.0

79.0

1.00

ISO5

Tinkle 1961_______

35

51

CL

80.0

71.0

+1.13

ISO6

Tinkle 1961_______

81

115

CW

72.33±5.12

72.35±4.87

-1.09

TRG

this study__________

138

230

Mass

235.38±54.73

225.61±49.74

+1.04

TRG

this study__________

80

110

SH

43.36±4.15

43.02±4.15

+1.01

TRG

this study__________

14

18

HW

22.71±22.71

25.10±2.04

-1.11

TRG

this study__________

__________________________________________________________________________________________________________________________________________________________________
1

Between 45-50 F isotherms
Between 50-55 F isotherms
3
Between 55-60 F isotherms
4
Between 60-65 F isotherms
5
Between 65-70 F isotherms
6
Between 70-75 F isotherms
Note: Isotherms are geographic areas that represent zones of annual average temperatures (U.S. Government Printing Office, 1941)
2
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Table 3.15. Total numbers, body measurement types, mean population measurements ± 1 SD, SDI values, and locations for Sternotherus minor
taken from previously reported aquatic turtle populations and this study. Table adapted from Gibbons (1990).
__________________________________________________________________________________________________________________________________________________________________

Taxon

____________n_______________
Female
Male

Body size
measurement

__mean size (mm) or (g) ± 1 SD_
Female
Male

SDI

Location

Reference

____________________________________________________________________________________________________________
S. minor

4

2

PL

77.50±4.65

67.00±4.24

+1.16

TRG

this study__________

341

310

PL

86.0

82.0

+1.05

USA

Iverson 1977_______

4

2

CL

104.75±5.32

98.00±8.49

+1.07

TRG

this study__________

7

9

CL

100.1±10.2

88.1±10.8

+1.14

Virginia

Mitchell 1994______

7

9

PL

76.7±8.0

60.9±8.1

+1.26

Virginia

Mitchell 1994______

0

1

CW

--

69.5

--

TRG

this study__________

4

2

Mass

203.8±62.1

142.5±46.00

+1.43

TRG

this study__________

0

1

SH

--

41.00

--

TRG

this study__________

0

1

HW

--

24.50

--

TRG

this study__________
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Table 3.16. Total numbers, body measurement types, mean population measurements ± 1 SD, SDI values, and locations for Chelydra serpentina
taken from previously reported aquatic turtle populations and this study. Table adapted from Gibbons (1990).
__________________________________________________________________________________________________________________________________________________________________

Taxon

____________n_______________
Female
Male

Body size
measurement

__mean size (mm) or (g) ± 1 SD_
Female
Male

SDI

Location

Reference

____________________________________________________________________________________________________________
C. serpentina

23

99

CL

284.70±26.40

329.18±51.64

-1.16

TRG

8

14

CL

219.0

251.0

-1.15

Tennessee

this study__________
Froese and
Burghardt 1975

291

37

CL

319.0

335.0

-1.05

South Dakota

Hammer 1969______

47

70

CL

247.8±32.6

271.9±57.3

-1.10

Virginia

Mitchell 1994______

23

99

PL

216.65±24.37

241.07±38.24

-1.11

TRG

21

55

PL

209.0

219.0

-1.05

South Carolina

this study__________
Gibbons and
Lovich 1990_______

50

76

PL

187.2±23.8

202.3±38.5

-1.08

Virginia

Mitchell 1994______

8

56

CW

271.75±27.11

280.20±50.71

-1.03

TRG

this study__________

18

86

Mass

5981±1661

9115±4192

-1.52

TRG

this study__________

8

52

SH

136.44±18.83

134.67±24.40

+1.002

TRG

this study__________

5

15

HW

75.80± 3.70

79.80±16.81

-1.05

TRG

this study__________
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Table 3.17. Total numbers, body measurement types, mean population measurements ± 1 SD, SDI values, and locations for Apalone spinifera
body taken from previously reported aquatic turtle populations and this study. Table adapted from Gibbons (1990).
__________________________________________________________________________________________________________________________________________________________________

Taxon

____________n_______________
Female
Male

Body size
measurement

__mean size (mm) or (g) ± 1 SD_
Female
Male

SDI

Location

Reference

____________________________________________________________________________________________________________
A. spinifera

3

0

CL

331.3±55.2

--

--

TRG

this study__________

5

8

CL

265.0

164.0

+1.62

Indiana

Minton 1972_______

1

5

CL

250.00

150.0±32.0

+1.67

Virginia

Mitchell 1994______

98

73

CL

258.0

154.0

+1.67

Minnesota

Breckenridge 1955__

3

0

PL

225.0±40.7

--

--

TRG

this study__________

2

0

CW

253.50±6.36

--

--

TRG

this study__________

3

0

Mass

3283.00±1833

--

--

TRG

this study__________

2

0

SH

68.00±9.90

--

--

TRG

this study__________

2

0

HW

30.00±1.41

--

--

TRG

this study__________
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Table 3.18. Carapace lengths (mean ± 1SD) of adult male and female Sternotherus odoratus from various isotherm regions. Numbers in
parentheses represent t values calculated from a two-sample t test (α= 0.05; * = p<0.001; NS = not significant) indicating the difference in
carapace sizes between the population means. Table format adapted from Edmonds and Brooks (1996).
_______________________________________________________________________________
Isotherm
______________Carapace length (mm) _______________
Zone (0F)
Males
Females
Reference
_____________________________________________________________________________________________________________
45-50

50-55

55-60

60-65

65-70

103.55±8.93
(3.70*)

98.69±8.66
(5.65*)

Edmonds and Brooks 1996

94.0±17.9
(7.81*)

94.5±9.84
(9.13*)

Tinkle 1961

98.6±10.7
(8.30*)

107.10±8.94
(1.13 NS)

Conner et al. 2005

92±13.11
(9.25*)

90.5±13.6
(7.18*)

Tinkle 1961

106.55±8.59

105±8.75

this study

79.1±0.86
(88.99*)

79.4±0.50
(35.65*)

Mitchell 1988

82.60±2.90
(28.85*)

85.90±1.50
(26.49*)

Mitchell 1985a, 1985b

91±14.23
(9.49*)

90.5±11.34
(8.08*)

Tinkle 1961

84.0±14.8
(12.14*)

85.0±9.0
(12.46*)

Tinkle 1961

76.80±7.60
(18.09*)

75.0±5.50
(32.26*)

Dodd 1989

80.0±14.1
(18.92*)

80.0±9.1
(20.78*)

Tinkle 1961

70-75

72±14.3
80.5±7.4
Tinkle 1961
(22.77*)
(17.44*)
______________________________________________________________________________________________________________________________
Isotherm zones are areas of annual mean temperatures (U. S. Government Printing Office, 1941). Numbers in parenthesis represent values from a two-sample t-test (α= 0.05; * = p<0.001; NS = not
significant). Carapace lengths from the TRG population of S. odoratus are greater than all of those reported, except from Conner et al., 2005.
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Table 3.19. Family names, species names, and common names of fishes collected during the
TRG study (2000-2006). Species identification per Etnier and Starnes (1993).
___________________________________________________________________________
Family
Species
Common name
___________________________________________________________________________
Petromyzontidae

Ichthyomyzon casteneus

chestnut lamprey

Lepisosteidae

Lepisosteus oculatus

spotted gar

Lepisosteus osseus

longnose gar

Clupeidae

Dorosoma cepedianum

gizzard shad

Cyprinidae

Cyprinus carpio

common carp

Ictaluridae

Ameiurus melas

black bullhead

Ameiurus natalis

yellow bullhead

Ictalurus furcatus

blue catfish

Ictalurus punctatus

channel catfish

Lepomis macrochirus

bluegill

Lepomis microlophus

redear sunfish

Lepomis megalotis

longear sunfish

Lepomis cyanellus

green sunfish

Lepomis gulosus

warmouth

Pomoxis annularis

white crappie

Pomoxis nigromaculatus

black crappie

Micropterus dolomieu

smallmouth bass

Micropterus salmoides

largemouth bass

Centrarchidae

84

Sternotherus odoratus
1.0

0.8

0.8

0.63*

0.6

0.4

S. o. Male Ratios

T.s.tMaleRatios

Trachemys scripta
1.0

0.2

0.60*

0.6

0.4

0.2

0.0

0.0
2000

2001

2002

2003
Years

2004

2005

2006

2000

2001

2003
Years

2004

2005

2006

Chelydra serpentina

1.0

1.0

0.8

0.8

0.6

0.47
0.4

0.2

C.s Male Sex Ratios

P.concinna male sex ratios

Pseudemys concinna

2002

0.75*

0.6

0.4

0.2

0.0
2000

2001

2002

2003
Years

2004

2005

0.0

2006

2000

2001

2002

2003
Years

2004

2005

2006

Graptemys ouachitensis
1.0

G.o. Male Sex Ratios

0.8

0.6

0.53

0.4

0.2

0.0
2000

2001

2002

2003
Years

2004

2005

2006

Figure 3.1. Scatter plots illustrating male sex ratios for the five most common species
encountered for the study duration, 2000-2006. A broken reference line for a 0.50 proportion
is present along with a solid reference line indicating the mean proportion of males for the
study duration. *Indicates a significant difference (α=0.05, p<0.005). Graph format adapted
from Smith and Iverson (2002).
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Figure 3.2. Carapace and plastron diagram adapted from Ernst et al. (1994).
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Figure 3.3. Turtle skull diagram adapted from Ernst et al. (1994). Head width
measurements were taken from the widest points of the zygomatic arches.
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Figure 3.4. An example of fish carrion (Ictaluridae) that is common in the TRG.
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Appendix A
Parametric and non-parametric formulas used for data analysis.
Shannon-Wiener Function (Krebs 1999).
s

H ' = ∑ ( pi )(log 2 pi )
i =1

Number of equally common species (Krebs 1999).
H'
N1 = e
Smith and Wilson’s Index of evenness (Krebs 1999).




2


E var = 1 − 
s
 s

2
 π arctan ∑ (log e ( ni ) − ∑ log e ( n j ) / s ) / s  
j =1
 i =1
 


Chi-square (Zar 1999).
n

X 2 n −1 = ∑
i =1

(Oi − Ei ) 2
Ei

Chi-square corrected for continuity (Zar 1999).
n ( O − E − 0.5) 2
i
i
X 2 yates = ∑
E
i =1
i
One sample t-test (Zar 1999).
_

t=

χ− µ
_

sx
Mann-Whitney statistic (Zar 1999).
n (n + 1)
U ' = n 2 n1 + 2 2
− R2
2
Two sample t-test (Zar 1999).
X − X2
t= S
x1 − x 2
Size dimorphism index (Gibbons and Lovich 1990).
SDI =

mean size of largest sex
+ 1 if females are larger or, - 1 if males are larger
mean size of smallest sex
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